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BARGAINS in WAR SURPLUS LENSES « — 


MAKE YOUR own ‘BINOCULARS! 
Complete Set of 

LENSES and 

PRISMS from 
Navy’s 

7x50 

Model 


liere’s an 

unusual 

opportun- 

ity to se 

cure a fine 

set of Bi- 

noeculars 

x % at a 

View . tremen 
of dous sav- 
ing of 

7x50 money. 

Binocular eee 
: yourself 

with all 

of the very same optics contained in the Navy’s 7 
Power Glasses. Depending on your choice, you may 
buy a perfect set of Lenses and Prisms for the Bi- 
nocular construction job, or a set of seconds (exactly 
the same units, but Lenses are uncemented and have 
slight im erfections). If, however, you wish to con- 
struct a Monocular (% a Binocular) you may do s0, 
choosing either perfect components or seconds. The 
Monocular sets comprise 14 quantities of the same 
optics required for the Binocular. The full Perfect 
Binocular set comprises the following :—2 Cemented 
Achromatic Eye Piece Lenses, 17.5 mm. diam.; 2 Eye 
Field Lenses; 4 Porro Prisms: 2 Cemented Achromatic 
Objective Lenses, diam. 52 mms. Complete assembly 

directions included. 

Stock #5102-X—Perfect Binocular Set . $25.00 Postpaid 
Stock 7£5103- z= erfect Monocular Set. $12.50 Postpaid 
Stock #5105-X—Seconds for Binoculars $11.00 Postpaid 
Stock #5104-X—Seconds for Monocular § 5.50 Postpaid 


FLASH! JUST RECEIVED! 

Metal Parts and Bodies for Navy’s 7x50 Binocu- 
lars. You get a Right and Left Body, 2 Objective 
Mounts, Left and Right Prism Shelves, Right and 
Left Cover Plate for Eye Piece mounting, miscel- 
laneous Screws and Parts. This assortment rep- 
resents nearly all tae main parts you'll need for 
your Binocular construction. It’s truly an excep- 
tional War Surplus opportunity. 
Stock #804-X—Binocular Parts Set. 
$10.00 Postpaid 
Stock #805-X—Monocular Parts Set. 
$5.50 Postpaid 
NOTICE! If you buy both the Binocular Optics 
and the Binocular Metal Parts, your purchase be- 
comes subject to 20% Federal Excise Tax. Be sure 
to add amount covering tar to your remittance or 
your order cannot be filled. 











RETICLE SET—5 assorted, engraved reticles from 


U. 8. Gunsights. 
Stock #2035-X $1.00 Postpaid 


Base 

Length 
23 mms. 
103 mms. 
34 mms. 
168 mms. 
14 mms. 
9 mms. 
25 mms. 
21 mms. 
22 mms. 
65 mms. 
36 mms. 


a) 
a 
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Stock 
No. 

$040-X 
3047-X 
3038-X 
3045-X 
$001-X 
3006-X 
8009-X 
8010-X 
3016-X 
8029-X 
3036-X 


Type 
Right Angle 
Right Angle 
Roof Prism 
Right Angle 
Lens Surface 
Porro-Abbe 
Porro 
Porro 


33 mms. 
53 mms. 
18 mms. 
70 mms. 
20 mms. 

9 mms. 
52 mms. 
43 mms. 
Pentagon 45 mms. 
Dove 16 mms. 
80 Degree Roof 60 mms. 


> BT 


Skesess 


. 
Ras 


4.00 





all our new Optics! tess | 
address to get « 


TO KEEP POSTED on 
send 10¢ and your name and 
regular “Flash” mailing list. 








ALL THE LENSES YOU NEED TO MAKE 
YOUR OWN TELESCOPE! 
All Are Achromatic Lenses 
GALILEAN TYPE—Simplest to Make but hus 
row Field of View. 
Stock #5018-X—4 Power Telescope ... $1.25 Postpai, 
Stock 75004-X—Small 2 Power Pocket Scope. 
$1.00 Postpoid 
PRISM TELESCOPES—Uses Prism instead of Lensvs 
to Erect Image. Have wide field of view. 

Stock #5010-X— 6 Power Telescope ... $3.00 Postpaid 
Stock #5012-X—20 Power Telescope 7.25 Postpaid 
MICROSCOPE SETS 
Consisting of two Achromatic Lenses and two Convex 
Eye Piece Lenses which you can use to make a 4 
Power Pocket Microscope, or 140 Power Regular Sj 

Microscope. These color corrected Lenses will ¢ 
you excellent definition. 
Stock F1052-KX ..... 2... seceeeecseeess $8.00 Postpaid 
Consisting of Prism, Mirror and Condensing Lens 
These used together with Stock #1052-X will make 
excellent Microprojector enabling you to get secre 
magnification of 200 to 1,000 Power according to scre 
distance. 
Stock #1038-X 
REMARKABLE VALUE! $141.01 Ww ORTH OF 
PERFECT LENSES FOR ONLY $10.00 
Complete System from Artillery Scope (5X) 
Lenses, low reflection coated, absolutely Perfect 
Diameters range from 114 inches to 2% 5 inches. Use 
for making ened and hundreds of other uses 
Stock 75019-X $10.00 Pestpeid 
OPTICS FROM 4POWER PANORAMIC TEL) 
SCOPE—Excellent condition. Consists of Objectiv: 
Prism, Dove Prism, Achromatic Objective Lens, Amici 
Roof Prism, bye Lens Set (. .. a $60.00 value). 
Stock 35016-X $6.00 Postpaid 
RAW OPTICAL GLASS—An e xception: il opportunit 
to secure a large variety of optical pieces, both Crow: 
and Flint glass (sec onds) in varying stages of pro 
essing. Many prism blanks. 
Stock #703-X 8 Ibs. (Minimum weight) $5.00 Postpaid 
Stock #702-X 1% Ibs. $1.00 Postpaid 
SPECTROSCOPE SETS . These sets contain al 
Lenses and Prisms you need to make a Spectroscop 
Plus FREE 15-page Instruction Booklet. 
Stock #1500-X—Hand Type $3.45 Postpaid 
Stock #1501-X—Laboratory Type $6.50 Postpaid 
RIGHT ANGLE PRISM—F lint Optical Glass, size 41 
mm. by 91 mm. by 64 mm. _ Use in front of camer: 
Lens to take pictures to right or left while pointing 
camera straight ahead. Also used in front of camer 
Lens to reverse image in direct positive work. Tw 
of these Prisms will make an erecting system for a 
Telescope. 
Stock #3076-X $3.00 a 
LENS CLEANING TISSUE—In spite of paper shor 
age, we offer an exceptional bargain in first qua lity 
Lens Cleaning Tissue. You get 3 to 4 times as mucl 
tissue as when you buy in the ordinary small book 
lets. One ream—480 sheets—size 7%” x 10% 
Stock #704-X $1.50 Postpaid 
BIG DOUBLE CONVEX LENS—74 mm. diam., 99 mr 
F.L. Weighs 9 oz. Made of borosilicate Crown 
Optical Glass. Used as spotlight Lens, Condensing 
Lens, etc. 
Stock #1048-X $1.50 Postpaid 
BIG DOUBLE CONCAVE LENS—74 mm. diam., minus 
110 mm. F.L. Made of extra dense flint. Used as 
reducing Lens, for trick photography, etc. 
Stock 71049-X $1.00 Postpaid 


2.00 Postpaid 


TANK PERISCOPE 
Complete Set Mounted Components 
Rugged, strong, originally constructed for U. Tank 
Corps. Consists of 2 fine Periscope Mirrors arenes 
in metal and plastic. Perfect condition. Would 
normally retail at $40 to 


Stock #700-X $2.00 Complete Set Postpaid 


Order by Set or Stock No.—Satisfaction Guaranteed—Immediate Delivery 


EDMUND SALVAGE COMPANY, P. 0. Audubon, N. J. 
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JAMES BRYANT CONANT 


PRESIDENT OF THE A.A.A.S. FOR 1946 


By VANNEVAR BUSH 


Tue election of James Bryant Conant 
brings to the presidency of the Amer- 
ican Association for the Advancement 
f Science a leader whose career is con- 
vincing demonstration of the effective- 
ness of scholarship in action. It is no 
disparagement of Dr. Conant’s notable 
attainments in chemistry and his acumen 
as a researcher to say that in calling him 
‘rom his laboratory in 1933 to become 
its twenty-third president, though it de- 
manded of him great personal sacrifice 
and though it took from the scientific 
nvestigation of photosynthesis a sadly 
missed pioneering mind, Harvard Uni- 
versity did edueation and the country 
For the opportunities 
and the responsibilities which then be- 
ame his, he was ready; and as problems 
n fields far from scholarship and edu- 
‘ation arose to require his keen analysis 
nd solution, he had already grown to 
neet them. His university and the na- 
tion as a whole are, by consequence, 
ntinuing beneficiaries. 

Dr. Conant’s measure as a statesman 

the intellect had been well fore- 
shadowed a number of years before his 
ecent and present preoccupation with 
he world-relations of the United States 
san aftermath of the war. His annual 

‘ports as President of Harvard epito- 
ize his driving belief in democratic 
pportunity in edueation and his com- 
ion-sense approach to ways of opening 


19; 


Americans are a re- 


and stabilizing it. 
port-writing people, and the annual out- 
put of such documents is therefore stag- 
Without 


exception, Conant’s reports have been 


vering in more ways than one. 


oases, broad in conception, lofty in 
aspiration, sound and practical in ap- 
plication. The philosophy of education 
which they express came to him as part 
of his New England birthright. It has 
been matured and consolidated both by 
experience and by earnest thinking, and 
in it as thus developed are to be found 
the basis for Conant’s leadership as a 
citizen and the explanation of the un- 
selfishness with which he has devoted 
himself to public service. 

His recent activity as adviser to the 
Secretary of State in negotiations look- 
ing toward international control of 
atomie energy illustrates Conant’s sehol- 
arship in action for the establishment 
and stabilization of peace among na- 
tions. The convictions of the necessity 
for world coneord which have impelled 
his work for peace are the same con 
victions which made him a militant in 
terventionist as lone as seven years ago 
and brought from him the first Amer- 
ican demand for ‘‘unconditional sur- 
render,’’ only two months after the day 
of Pearl Harbor. 

But both in his firm insistence that the 
United States must carry determined 
war to an unrelenting conclusion against 
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JAMES BRYANT CONANT 





JAMES BRYANT CONANT 


Axis and in his unstinted collabora- 
in the endeavor to prevent the recur- 
of such a grim necessity, Conant 
no summer soldier or sunshine patriot. 
knows the harsh bargain that war 
drives with those who slacken their grip 
on peace and therefore have to buy it 
back with blood and treasure. Conant 
learned this lesson in the first World 
War, when as a_twenty-five-year-old 
major in the Chemical Warfare Service 
he directed top-secret work on gas war- 
fare. It fortified him for the heavy 
demands which the second World War 
was to Impose upon him. 

Conant’s aetive concern over the war 
was voiced as early as 1939, and with 
the formation of the National Defense 
Research Committee in June 1940, he 
went to work in dead earnest, taking 
responsibility for NDRC’s development 
of his World War I subjeet—chemieal 
warfare. As the country’s war research 
expanded, the Office of Scientific Re- 
search and Development came into being 
in 1941, and Conant took on the chair- 
manship of NDRC, which became the 
central ageney in OSRD military re- 
search and development, involving the 
expenditure of many millions of public 
His contribution to the success 
of American arms through this work is 
itself inealeulable. 

Through most of this period, however, 
Conant was at the heart of the great 
program of research, engineering, and 
that brought nuclear 
fission to practical utility. His manifold 
other accomplishments through his post 
t NDRC are equaled in significance by 


funds. 


administration 


what he did in co-ordinating and spur- 
ug the project which reached achieve- 

ent in New Mexico last July and which 

month later put an end to the war. 

he Smyth report gives in stark out 

the history of his participation in 

is work—the successive reorganizations 

m the original Uranium Committee 


199 


through a series of units to the OSRD 


S-1 Executive Committee under his 
chairmanship, as well as his contribu- 
tions to the formation of policy through 
the so-called Top Policy Group formed 
in 1941 and the Military Poliey Com- 
mittee which came into being after the 
prosecution of the work had reached 
such a stage that the Manhattan District 
was created and the Army began to as- 


sume operating responsibility for the 


Unreported but vivid in 
military 


development. 
the memories of his colleagues 
and civilian—through these years is the 
record of his rare combination of hard- 
headed analysis and taetful collabora- 
tion in problems that were ever new, 
ever changing, and charged with vital 
importance to the country and to men 
everywhere. 

In Conant’s personal history up to the 
war, Harvard is the dominant note. For 
all but sixteen of his fifty-two years 
he was born in Dorchester, Mass., Mareh 
26, 1893—as student, teacher, or admin- 
istrator, he has been in and of it. Pre- 
pared at the Roxbury Latin School, he 
was graduated as a Bachelor of Arts in 
1913, and the Ph.D. and _ be- 
came an instructor in chemistry in 1916. 
He advanced through the grades to be- 
come Sheldon Emery Professor of Or- 
ganic Chemistry in 1929 and chairman 
of the department in 1931, holding these 
posts at the time of his election to the 
presidency of the University on June 21, 
1933. 
the quantitative study of organic reae 


received 


As a chemist, he has worked on 


tions, on hemoglobin, on free radicals 
and superacid solutions, and on echloro- 
phyll. In 1932, Columbia awarded him 
its Chandler Medal 
chemical science, the subject of his paper 
being ‘‘Equilibria and Rates of Some 


In the same year, 


for achievement in 


Organie Reactions.’’ 
the William H. Nichols Medal of the 
New York Section of the 
Chemical Society came to him for his 


American 
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work on chlorophyll. The gold medal 
of the American Institute of Chemists, 
for ‘‘noteworthy and outstanding ser- 
vice to the science of chemistry or the 
of chemistry in America’’ 
was awarded him in 1934. 

Married in 1916 to Grace Thayer 
Richards, Conant has two sons. His per- 
sonal interests are in simple things: He 


profession 


is a good fisherman, and used to go ski- 
ing on oceasion—in fact, he once cracked 
up a shoulder on a tricky slope, to the 
dismay of the Harvard Corporation. 
Thanks to the fact that one of his grand- 
mothers was born in 1800, he is a mem- 


ber of the executive committee of the 


extremely select Association of Grand- 


children of the Eighteenth Century. 
Good talk is one of his great delights, 
and he is adept both at drawing out the 
other fellow and at keeping up his end 
of a conversation. 

He comes to the presidency of the 
Association at a high point in a dis- 


tinguished career. With war responsi- 
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bilities drawing to a close, he will bi 
to the problems of scholarship and \ 
cation the vigor of his basie belief i) 
democratic opportunity and the ad 
strength of convictions matured by 
flection during 
period of notable 1 
with all the of reeent ve 
Conant has made time for thinking ; 
writing on the essential questions of 
relation of the and the stat 
and the ends and means of learnin: 
Moreover, it was he who in the midst 
of unprecedented and taxing demands 
set in motion and followed in operation 
the fundamental study of educationa 
philosophy and policy which is embodied 
in the report of the Harvard Committee 
General Education in a Free 
The advance of the Association toward 
its objectives will be spurred by his in- 
fluence, as other efforts at. resolving thy 
perplexities of bettering the minds and 
therefore the lives of the people ha 
gained by his guidance. 


and observation 


stress. It is 


pressure 


scholar 


ah as 
Nociely 





THE SUN MAKES THE WEATHER 
I. MEASURING SOLAR VARIATION 


By C. G. ABBOT 


RESEARCH 


\pTER his term as Speaker of the 
House of Representatives, ‘‘Uncle Joe”’ 
Cannon of Illinois came back to the Ap- 
propriations Committee, of which he had 
been a distinguished member. Repre- 


sentative Fitzgerald of Brooklyn was the 
new chairman of the Committee. 

In the midst of the Smithsonian hear- 
ie the chairman said: ‘‘The next item 
s the Astrophysical Observatory. 
is it? What does it do? 


What 
What eood is 


‘Mr. Abbot will speak to that, Mr. 
Chairman,’’ said Secretary Walcott. 
| had just begun to tell of our work 
when the chairman was called from the 
room. Said Representative Sherley of 
Kentucky: ‘‘This is rather interesting, 
but I think Fitz would have his troubles 
if he tried to explain it on the floor of 
the House. ’’ 
Old Unele Joe was walking to and fro, 
vith his cigar tilted high, as the ear- 
toonists liked to draw him. He stopped 
pposite Sherley and said: ‘‘No, Sherley. 
| recollect when old Professor Langley 
me to me and said, ‘Mr. Cannon, I need 
*4,000 for the Astrophysical Observa- 
rv in order to investigate the infrared 
spectrum of the sun with the bolometer.’ 
‘My God, Professor,’ said I, ‘Can’t vou 
lish it?’ But no, Sherley, one may 
rget about the stars that are so far 
vay it takes light a thousand years to 
me from ’em, and if they were all abol- 
ed tonight our great-grandchildren 
ld never know the difference—we ean 
‘get the stars, but everything hangs on 
‘sun, Sherley, and it ought to be in- 
stigated, and I think this appropria- 
n is all right.’ 
We got the appropriation. 


ASSOCIATE, SMITHSONIAN 


INSTITUTION 


For 25 vears we have worked on three 
problems. How much the sun’s 
heat that warms the earth change from 
time to time? How much do these heat 
changes affect the weather? Can sun- 
produced weather changes be predicted ? 

To solve these problems my colleagues 
of the Smithsonian Institution and I 
have observed the heat of the sun’s rays 
at 12 widely separated stations ranging 
from sea level to 14,500 feet in altitude, 
and with automatic apparatus we have 
even measured sun heat from balloons at 
Many months of 


does 


15 miles’ elevation. 
daily observation have been spent at each 
of the 12 stations, except Mount Whit- 
ney, and 3 of them, Mount Wilson and 
Table Mountain in California, and 
Montezuma in Chile, have been occupied 
for a score or more of years. 

Our dailv observations, aimed to re- 


laureate 
G4 SUN, Moon 

/f AND S 
R! 


CHARLES GREELEY ABBOT 


BY C. K. BERRYMAN, WELL-KNOWN CARTOONIST. 
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cord the variation of the sun, begin at 
the stations soon after sunrise and last 
till about 10 a.m. After that the plates 
must be developed and measured. Then 
come the computations, which often last 
far into the night. The best of our sta- 


tions are on mountaintops in desert 


from 
nor beast, 


lands, thousands of miles home, 
where there is neither bird 
plant nor insect, nor any human neigh- 
bors within many miles, and where rain 
rarely falls. At Montezuma, Chile, all 
food, and even water, is hauled from 12 
miles away by the observers themselves. 

As a result of this long and strenuous 
investigation, I believe I know the an- 
swers to our three questions. 

When I speak of the sun’s heat that 
warms the earth I mean the heat equiva- 
lent of those rays which fly through 
space from the sun to us in 8 minutes, 
moving 186,000 miles each second. Some 
of them we can see and we eall them 
white light. Sir Isaac Newton proved 
that white light is really a combination 
of the colors of the rainbow. Beyond 
the violet lie rays invisible to us, which 
we call ultraviolet; beyond the red are 
invisible rays which we eall infrared. 
All of these, when they enter substances, 
such as clouds, water, or soil, produce 
heat. 
warm enough to live on, and if indeed 
they alter, the weather should alter too. 
Radio rays are similar to infrared sun- 


Thus the sun’s rays keep our earth 


rays except that their wave lengths are 
much greater. So far as we know, they 
are not contained in sunrays. 

When I ask if the heat that 
warms the earth changes from time to 
time, | before it 
mosphere, while yet altogether in free 
space in the form of waves. In other 
words, is the sun a variable star, as many 


’ 
SULLS 


mean reaches our at- 


other stars are?) The answer is yes. 
WHEN we began these studies about 40 

years ago, scientists did not know within 

wide limits how much heat. the sun sends 
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the earth. The best textbook of met 
ology published about 1900 gave va 
ranging through 250 percent without 
fering a preference. Both in theory 
in practice the subject was chaotic. | 
now almost universally admitted that 
observations and 
that 
sun’s heat is know 
We eall it the ‘‘solar 
If there coi 
be a cube of water 1 centimeter (.4 in 
on edge, so black that it would fully 
situated on the mo 


Smithsonian publica 


established outside 
the 


within 1 percent. 


tions have 


atmosphere 


constant of radiation.’’ 


sorb) sunrays, 
where there is no atmosphere, in Mare} 
when the sun is at its mean distanc 
and exposed with its surface at right 
angles to the sunbeam, then its tempera 
ture would rise 1.94 C. (3.49 EF.) in J 
minute of time. 

Though this is called ‘‘the solar con 
stant,’’? many thousands of our measur 
that it is subject 


small variations, seldom exceeding 1 pet 


ments of it show 


but on rare occasions reaching 
range of 2 or even perhaps 3 percent 
It varies from day to day because thi 


cent, 


sun rotates on its axis in about 27 days 
Thus 


unequally bright areas face us from time 


and is not equally bright all over. 


to time. It also varies over the montlis 


and years, but we are not yet sure that 


1 


Some of our erities doubt 
if our the 
stant are accurate enough to show varia 
They 


areue that even if our ground measur 


we know why. 


measurements of solar con 


tions as small as 1 percent. or less. 


ments have sufficient accuracy, still ow 
observing stations on the earth’s surface 
have above them an ocean of air, charged 
with ozone, water vapor, carbon dioxide 
dust, and clouds, tending to throw the 
Can 
midable obstacle be overcome ? 

Kirst of all, we have to measure tli 
heat at ground level. For this 
perfected the ‘‘silver-dis 
about 30 vears agi 


estimates into error. such a for 


sun’s 
purpose I 
pyrheliometer’ 
Compared to a sewing machine or a 
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mobile it is a very simple instrument 
erely a disk of silver about the di- 
‘ter of a half dollar and a quarter of 
nch thick. It lies, flat side up, at the 
ttom of a brass tube 15 inches long, 
ough which the sunrays pass. The 
posed front of the silver disk is painted 
ad black the sunrays. A 
ermometer bulb is inserted radially in 
hole in the disk. The observer merely 
easures how fast the thermometer rises 
cause of the sun’s heating the black- 
ned disk. Nearly 100 of these silver- 
sk pyrheliometers have been built and 
standardized at the Smithsonian Institu- 
tion under my direction and have been 


to absorb 


furnished at cost to observatories and 
experimenters on all continents. Pub- 
lished accounts by Australian and Ar- 
ventinian observers, as well as our own 


experience, show that these instruments 
d 


THE SMITHSONIAN’S WATER 
MEASURING THI 


D TO STANDARDIZE INSTRUMENTS FOR 


THE WEATHER 9()3 


can to an of <Zod 


cent, and that they have retained their 


measure accuracy per- 
accuracy unimpaired for over a quarter 
of a century. 

To express results in accepted 
heat 


primary standard 


our 
units, however, we had to devise a 


pyrheliometer, with 


which to compare these silver-disk field 


For this 
‘‘water-flow pyrheliometer.’’ 


instruments. purpose I in- 


vented the 
Evervone how absolutely 


has noticed 


dark an unlighted chamber seems, and 
how all of its objects near the back wall 
fade into invisibility when viewed from 
outside through a small opening. In 
fact, such a dark chamber is a complete 
absorber, better than the blackest paint. 
With this in mind I 


tube to receive and absorb the sun’s rays. 


used a dead-black 


Its hollow walls have a spiral channel 


from end to end within their thickness. 


d 














\\? Cn eee ? 


( 


* 


FLOW PYRHELIOMETER 


INTENSITY O HI OF THE sUD 


RADIATION 
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TWO PYRHELIOMETERS AND A PYRANOMETER 


Through this channel a steady current 
of water flows at a measured rate to 
earry off the sun’s heat as fast as re- 
eeived. By a delicate electrical ther- 
mometer we can measure the rise of tem- 
perature of the water caused by the sun’s 
heat. The area of the front orifice 
through which sunrays pass into the in- 
strument. is accurately known. Thus we 
can measure how much a given weight of 
water is heated by the sunrays received 
in one minute through a known aperture, 
and fully absorbed. To make sure we 
are right, we have a coil of wire within 
the chamber near its back end, through 
which a measured current. of electricity 
may be passed. This will produce a 
known amount of heat, which may be 
measured by the flowing water method 
as if it were sun’s heat. Our experiments 


show none of the electrical heat escapes 
measurement. Hence we infer that is so 
with solar heat also. Such is our stand 
ard water-flow pyrheliometer. At i 
European conference, many years ago, 
Dr. Gustav Hellmann, then chief of the 
German Meteorological Service, said 
publicly : ‘“‘There is but one standard 
pyrheliometer in the world. It is locate 
at the Astrophysical Observatory of the 
Smithsonian Institution. ’’ 

Dr. Langley once said in substance: 
“The difficulty of measuring sunrays 
accurately at the ground is indeed ve} 
ereat, but the difficulty of measurn 
their loss in the atmosphere is perhaj 
insuperable.’’ So, though we had ma 
tered the first difficulty, we had this di 
ecouraging outlook to face as we turn 
to the second branch of our problem. 
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shall not try to explain the theory 
practice of estimating the trans- 
parency of the atmosphere for sunrays. 
Readers who wish to study it may consult 
Volumes 2 and 6 of the Annals of the 
Astrophysical Observatory. It will suf- 
here to say that we are required to 
locate our observing stations on moun- 
tains in cloudless deserts; that we take 
advantage of the fact that when the sun 
advances from morning towards noon 
the path of his rays in our atmosphere 
steadily diminishes; that we necessarily 
measure separately at about forty dif- 
ferent places in the color spectrum, from 
far beyond the violet to far beyond the 
red; and that we use the Langley bolom- 
eter, which is an electrical thermometer 
so sensitive that it measures changes of 
0.000,001 degree in temperature. 
It is easy to believe that when we use 
an electrical thermometer sensitive to a 


Wy; . ; 7 , vee MONTEZUMA STATION, CHILE 
millionth of a degree, we have to doit in — | wks a ip 

z ‘ a THE ORIGINAL DWELLING, ABOVE, WAS LATER 
very steady surroundings. The late  pracen py a REINFORCED CONCRETE STRUCTU! 


Edgar Moore, of Los Angeles, suggested tHE INSTRUMENTS ARE ON THE MOUNTAIN 


THE NEW DWELLING AT MONTEZUMA, CHILE 
BUILDING WAS CONSTRUCTED TO WITHSTAND EARTHQUAKES. ITS HEAVY 


TE FOUNDATION RESTS MOSTLY UPON SOLID ROCK AND ITS BRICK WALLS ONT 
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MOUNT MONTEZUMA, CHILE 
APPARATUS AND OBSERVING TUNNEL USED EVERY 
DAY FOR MEASUREMENT OF THE SUN’S RADIATION. 


to me many years ago that we could in- 


sure a much more constant temperature 
around our instruments by mounting 
them within a tunnel, dug horizontally 
far back into the mountain. The sun- 
beam to be measured is reflected into the 
tunnel and made stationary in a north- 
south direction by controlling the mir- 
suitable mechanism. We 


rors with a 


read in the Bible that Joshua made the 
sun stand still in the heavens. We ean. 
not do that, but make its rays 
stand still in our measuring tunnels 
Moore’s scheme has gone far to insure to 


we do 


our results their high degree of accuracy 
You may be that I was pr 
when the late Professor Turner of 
Oxford in the vear 1908, review ne 
Volume 2 of the Annals of the Asiro- 
physical Observatory, wrote: ‘‘Mr. Abbot 
has shown that he is measuring some. 


sure 


thine definite, for he has detected an 
annual diminution of 3.5 percent from 
August to October, due to our greater 
distance from the sun.’’ But the results 
published 32 vears later in Volume 6 of 
the Annals disclose and measure changes 
in the sun’s heat five times smaller than 
those for which Turner praised us. 

On every promising day, for over 20 
vears at our 3 mountain observatories, 
we have made these studies of the sun’s 
heat as it is outside our atmosphere 
These 
apart, one in the Southern, two in the 
Northern Hemisphere. Their 


stations are thousands of miles 


results 


VIEW FROM THE NEW DWELLING AT MONTEZUMA 
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LABORATORY, SMITHSONIAN 


agree beautifully, and all tell the same 
story, that the sun is a variable star. 
This program is still in progress, and 


involved about 


far has making 
20,000 measurements the 
stant. Its results, from 1920 to 1939, are 


nitained in very long tables of figures, 


thay 
IS 


of solar con- 


ustrated by diagrams, occupying the 
ist half of Volume 6 of the Annals of the 
Isfrophysical Observatory. They have 
quired great skill and devotion on the 
irt of our observers in the field. Not 
uly do they live like hermits, work like 
iborers, and observe like top-notch lab- 
atory men, but they spend many hours 
day measuring plates and com- 


ery 
These 


iting the preliminary results. 

ev send to Washineton, where 
thly-skilled people fo over every 
‘vation meticulously, compare the re- 
ts, detect and cure errors, and apply 


four 


ob- 


OBSERVATORY, 


THE WEATHER 


TABLE MOUNTAIN, CALIFORNIA 


little corrections only possible to deter 


mine from making use of thousands of 


days viewed asia whole. 
tion ot Volume 6 of the Annals required 
the 


The prepara 


almost four vears of solid work by 
workers at Washineton, besides what was 
done in 20 years by observers in the field 

Some vears ago we asked permission of 
the U. S. Civil Service Commission to 


appoint a certain voung college gradu 


ate, whom we had specially trained for 
two vears, to be in charge of the station 
at Montezuma. We described the place, 
the duties, the isolation. We told of the 
use of instruments to measure the sun’s 
heat to 0.000.001 deeree. and the neces 
sity of being able to rebuild them on the 
spot if destroyed by earthquake. Such 
repairs involve the hanging of a care 
fully adjusted magnetic device, hardly 
a hair, thread of 


heavier than upon a 
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COMPUTING 


quartz crystal too fine to be seen with 
the naked eye. We mentioned the long 
and intricate mace 
each day, the early rising and long hours, 
the personal hauling of supplies—even 
of water—and the necessity for tact to 
carry on without. friction, both in the 
observatory family and among the people 
of the country. We suggested that un- 
less the Commission felt it indispensable 
to hold a public examination for the 
place, we be permitted to appoint the 


ealeulations to be 


young man whose qualifications had been 
proved by two years’ experience under 
The Com- 
mission replied, in effect, that as angels 
from heaven were unlikely to apply, they 
felt it futile to insist on a public ex- 
amination. 


our immediate supervision. 


Two types of solar variation are dis- 
closed in Volume 6 of the Annals, short- 
interval and long-period. No less than 
500 well-marked cases were discovered 


RESULTS AT TABLE MOUNTAIN 


up to the end of 1939 in which the sun’: 
the other hand 
4 day 
amounts ranging from .5 pel 
These 


heat inereased, or, on 


decreased in a 


periods of 3 or 
each, by 
cent up to 2 percent. short 
interval solar variations are probab 
caused, as I have suggested, by the sun’ 
rotation bringing unequally bright area 
of the sun’s surface to face the eart 
This type of solar variation is very u 
equally distributed in the colors of the 
spectrum. It amounts to almost nothi 
for red and infrared rays, but increas 
steadily towards the green, blue, violet 
and ultraviolet. The sun’s variation 
ultraviolet ravs is at least six times 
ereat in percentage as the variation 
the solar constant itself, which of com 
comprises all kinds of solar radiation. 
As is customary in many kinds of lo1 
continued programs of observation, 
ceive in Volume 6 of the Annals the av 
values for each 


age solar constant 


days, for each month, and for each ve: 
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is way the day-to-day fluctuations 
moothed away. But as we scan the 
e 20 vears of observation we see in 
‘smoothed values many eases of rise 
fall in the sun’s output of radiation. 
fluctuations are seldom as great as 
recent in their range. Yet depending, 
is each of these average values does, on 
many days of observation, even these 
fluctuations are significant. In- 
There is 


small 


deed they are not all so small. 


ne notable case in the vears 1922 to 1924 
when the sun’s heat fell off rapidly by 2 
percent, and then gradually recovered 


I shall show later that this ex- 
traordinary case was accompanied by 


itself. 


unusual weather in those years, and | 
shall point out the probability that we 
are now in the throes of a similar con- 
dition. 

To the casual glance, the sun’s varia- 
tion, indicated by monthly averages from 


TABLE 1. RELATIONSHIPS OF 
ir periods 

observed 

‘ractions of 
73 months J] 

mputed 


eriods 91 68.2 54.6 45. 


1920 to 1939, seems altogether irregular, 
haphazard, and not subject to rule at all. 

it a prolonged and careful analysis 

s shown that it is really a complex of 

many as 16 regular, simple, periodic 
We have all watched the great 
ives sweep in toward the ocean beaches, 
on their many little 
The whole agitation of the water 
a complex of big and little waves ad- 
ncing simultaneously. Somewhat sim- 
r is the long-interval variation of the 
n with its complex structure of simul- 
eously active long and short periods. 
still more exact parallel is found in the 
inds of a violin or trumpet. If one of 
the tone F# 


rms, 


arine surfaces 


eS, 


se instruments sounds 


14 PERIODS OI 


THE WEATHER 209 


above middle C, its tone, if analyzed, is 
found to consist not only of the funda- 
mental /, but of its octave, and of many 
These 


harmonics are all closely related mathe 


higher tones called harmonies. 
matically in their periods of vibration to 
the time of vibration of fundamental EF. 
The difference between the sound of the 
violin and that of the trumpet depends 
on which of these harmonics are present 
when fundamental F is sounded. 

The long-interval variation is 
similarly made up of different regular 
All of them 
are almost exactly integral fractions of 


22 vears, which, in our 


sun’s 
waves, or periods of change. 


273 months, or 
musical analogy, we can regard as the 
fundamental. Our best knowledge indi- 
cates, however, that there are slight devi- 
ations from exact integral relationship 
with the in 


Table 1. 


‘““harmonies,’’ shown 


as 


SOLAR RADIATION 


If vou ask why the particular periodie 
variations Table 1] simulta- 
neously, which added together make up 
almost completely the fluctuations in the 


ol occur 


sun’s output of radiation, I cannot cer- 
tainly tell. The most likely explanation, 
however, involves sunspots. 

When Galileo made his famous tele- 
in the 1610, the 4 


moons of Jupiter he saw that the sun’s 


scope year besides 
surface had black spots upon it, which 
the visible 


This shows 


marched along and crossed 
solar disk in about 14 days. 
that the sun rotates in about 27 days, the 
spots being half the time hidden behind 
the Since time the 
have They 


sun. his sunspots 


been studied. have been 
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A SLIDE RULE COMPUTER 


proved to be whirlpools in the gaseous 


substance of the Their numbers 


range from almost none, as in 1943, up to 


sun. 


many, as will be the case about a year 
hence. Their numbers, in fact, wax and 
wane ina evele of about 114 vears, which 
is called the ‘‘sunspot eyele.’’ For ai 
least the past 150 years these cycles have 
been alternately strong and weak. So 
there is really a master sunspot double 
evele of nearly 23 years which is also the 
master cycle in the fluctuation of the 
My 14 solar heat periods are 
thus all very close to being integral frac- 


sun’s heat. 


tions of the double sunspot cyele. 
must, almost surely, be related to 
spots in some very deep-seated Wwa\ 
But what causes sunspots thems 
and their 114-vear eycle of freque 
A great deal of study has been giver 
many astronomers and others to the } 
sibility that sunspots are caused by 
tidal forces of the planets, several 
which are sometimes nearly in the sai 
H. H 
Clayton has recently published suc! 
study. He finds that these planeta) 
periods almost coincide with periods 


direction, as viewed from the sun. 


variation in the sun’s heat, as published 
in Volume 6 of the Annals. 

But I will not pursue this clue furthe 
I will add only that weathermen hav 
found that the 114-vear sunspot ev: 
produces corresponding periods in tem 
perature and rainfall. Curiously enoug! 
however, I did not find it a period 
fluctuation in the sun’s heat, as reported 
in Volume 6 of the Annals, but IL. 
Aldrich has recently found a curious e\ 
dence there of its presence. It is wel 
known that sunspots are like machine 
euns, in that they bombard space, includ 
ing, of the earth, with 
This bombardment is very active 


course, electri¢ 
1Ons. 
at times of maximum numbers of su 
spots. It is also well-known that electr 

ions, which in our atmosphere, besides 
reflecting radio waves around the eart! 
so that we get programs from great dis 
tances, in addition act as centers of ¢o! 
densation for the water vapor of the j 
mosphere and so promote cloudiness, au 
Clouds, of 


So in this wa 


doubtless also rain. cours 
also alter temperatures. 
the 114 vear sunspot evcle pecomes 
weather evele and must be added to o1 
croup of fourteen. There are thus 

least 15 solar periods, likely to be of son 
importance for weather. 


(To be concluded ) 





SUNSHINE AND THE ATOMIC BOMB 


By WILLIAM T. SKILLING 


'o COMPARE the atomic bomb with any- 

r so gentle as sunshine seems absurd. 

not use a thunderstorm as an illus- 
‘ation if we are seeking one in nature? 
there are several arguments in 

favor of our title. In the first place, the 
actual amount of energy set free in the 
most violent lightning flash is small eom- 
pared with the sun’s heat energy falling 
ou the earth, the equivalent of 1.5 horse- 
power per square yard of surface. — If 
all the heat of sunshine could be con- 
verted into work, the total work would 
be greater than could be done by all the 
horses that would have room to stand 
comfortably on the earth’s surface. <A 
bolt of lightning may be very destruc- 
tive instantaneously over a small area. 
Its duration is so brief, however, that 
when its foree is spent, and its energy 
well as scientists 
a phenomenon, it 


las been measured as 
‘an measure so sudden 
is found that the total 
done by this much electricity is no more 
than could be done by the warmth fall- 


work that can be 


ne 


on a square yard of the earth’s sur- 


face in a day of bright summer sunshine. 

back of the power of the great ex- 
panding wave of heated air that seared 
and blasted to bits the city of Hiroshima 
there was an amount of energy let loose 
thin the bomb greater than had ever 
on earth from so 
centrated a souree. The reason for 
s lies in the fact that the detonator 
the bomb opened a tap that turned 
a flood of nuclear energy always be- 

held back by the ‘‘binding force’’ 
the nueleus. Out of the explosive 
iterial in the bomb came power equal 
ill that could have been generated by 
ning nearly 3,000,000 times its weight 
And even in this explosion only 


1 released before 


oal. 
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1/1,000 part of the total nuclear enerey 
of the atom was released! 

We have seen photographs of the vast 
cloud that shot up to a height of 40,000 
feet at the explosion. But this would 
seem like a tov demonstration of force 
if compared with similar outbursts on 
the (Fig. 1). The 
tremendous inner of the sun 
keeps its surface constantly boiling up 
ot 


the surface of sun 


energy 
with ereat bubbles white-hot eas 
called 


(Hig. 
states in the Union. 


‘rice erains,’’ or ‘‘eranules’’ 


2), each as large as any of the 
Sometimes there are 
masses of 
These 


their base as the 


ejected immense cloudlike 
called 
often as extensive at 
size of the earth, and usually rise to a 
height of some 30,000 miles, or may 
on up to 500,000 miles, with velocities 


eas ‘*prominences. ’’ are 


ranging from a few miles to more than 
100 miles a second. The baek 
of all such activities on the sun is from 
to that from 
comes the power of the atomie bomb. 
The fundamental quality of the bomb 
that links it with rather than 
with a lightning flash or an explosion 
of TNT from 
changes in the deep interior of the atom, 
Electrical energy 
the 
The 


sun’s heat and the force that explodes 


energy 


a souree similar which 


the sun 


is that its comes 


cnergy 
not from its surface. 
from 


including liehtnine, comes 


loose, outer electrons of the atom. 


the bomb come from the dense inner core 
of the atom, ealled the which 
occupies no more than 1/10,000 part of 
the Lightning fire 
both result from a reshuffling of the elee 
trons that circulate around the nucleus 
The elee 
trons in no than 
1/1,800 of the atom’s weight, and their 


nucleus, 


atom’s size. and 


as planets go around the sun. 


ease constitute more 








FIG. 1. 
THE RELATIVE SIZES OF SUN AND EARTH ARE INDICATED BY THE SUN’S CURVED SURFACE AND 
WHITE DISK, REPRESENTING THE EARTH, WHICH APPEARS AT THE RIGHT OF THE SOLAR PROMINI 


ability to produce energy is a far smaller 
proportion than that in comparison with 
the energy that might come out of the 
nucleus with which they are associated. 

Nuclear physies is a new science. The 
earliest successful attempt to make any 
change in the nucleus dates back only to 
1919, Ernest Rutherford, of 
England, bombarded nitrogen 
with flying naturally 
radium, and changed some of the nitro- 
ven atoms into those of oxygen. Since 
then artificial means eradually 
been developed for up the 
atomic particles to such velocities that 
nuclei struck by these flying missiles are 
Electricity and magnetism are 
employed to give speed to the particles 


when Sir 
atoms 


particles from 


have 


speeding 


broken. 
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A SOLAR PROMINENCE, 140,000 MILES HIGH 








Mount Wilson Observat: 






and to guide them against their tare 
These methods have reached their hieh- 
est point of suecess in the atom-smas! 
ing eyelotron of Ernest Lawrenee, at thé 
University of California. 

With the aid of an instrument eal 
a mass spectrograph, experimenters 
found that when the 
atom was changed into that of anothe1 
the weight of the newly formed atom 
was sometimes less than the total wei: 
of the parts from which it was mi 


nucleus ot 01 


Two and two did not make four, 
something less than four. The lo 
standing law of conservation of n 


went out of date. In its place a new 
emerged, namely, that if matter thus 
seems to be destroved, enough energ 
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yroduced in the process exactly to make 
| r the matter lost. 

e before this could be demon- 
strated experimentally Einstein had, in 
1905, announced on theoretical grounds 
that if a mass of matter could be con- 
verted into energy, the energy produced 
must be equal to the mass destroyed 
times the square of the velocity of light, 
or E = me*, where E is the energy set 
free, m the mass of matter lost, and c¢ 
the velocity of hght. (Eres of energy, 
crams of mass, and centimeters per sec- 
ond are the units employed in the equa- 
tion.) This equation forms the basis for 
all work involving atomie changes, such 
as work having to do with the atomic 
bomb. 

Although it was not until the end of 
1942 that scientists learned how to han- 
die the atom in such a way as to liberate 
more energy than they had to put into 
the process of generating it, they had 
long before settled definitely upon the 
theory that atomic changes, accompanied 
with loss of weight, must be the source 
of the sun’s heat. Thus the faint hope 
was held out to them that they might 
sometime devise a terrestrial method of 
imitating solar efficiency. 

During the twenties and thirties there 
waged a lively discussion as to whether 
in the sun the whole of matter is being 
annihilated as sueh, and energy substi- 
tuted for it, or whether certain atomic 
changes may be proceeding steadily, in- 
duced by sueh a temperature as the sun 
s known to have, which would reduce 
weight of the reacting substances 
igh to furnish sufficient heat. 
rt Arthur Eddington leaned toward 
annihilation theory for a time; it 
seemed reasonable in view of the suppo- 
sifion that matter is essentially electrical 

ature. Eddington reasoned that if 
oton, the nueleus of the hydrogen 
i, IS nothing but a charge of positive 
tricity, and if an electron is an equal 
itive charge, the two chancine to 


/ 





Vount Wilson Observatory 
SURFACE OF THE SUN! 


FIG. 2. 
MAGNIFIED 700 TIMES TO SHOW THE GRANULES. 


meet in a head-on collision might come 
into such close contact as to neutralize 
each other. <As far as matter is con- 
cerned, this would be annihilation; but 
in place of the matter there would ap- 
pear radiant energy, EH = mc, which 
would be in the form of exceedingly 
short and energetic electromagnetic 
waves, very much shorter and more pene- 
trating than X-rays. 

The fly in the ointment of this theory 
was that physicists had never observed 
any cases of annihilation even on a small 
scale in the laboratory. In support of 
the alternate theory of partial loss of 
mass, there had been observed atomic 
changes in which the newly formed prod- 
ucts weighed less than the sum of the 
separate parts. 

Since the element helium is composed 
of atoms that weigh almost exactly 4 
times as much as an atom of hydrogen, 
it could be very naturally assumed that 
an atom of helium is, indeed, 4 atoms 
of hydrogen that have in some unknown 
way been united. lor a deeade or so 
the sun’s heat has been attributed to 

1 From Sun, Moon and Stars by W. T. Skilling 
and R,. S. Richardson, Whittlesey House (Me 
Graw-Hiil), 1946. 
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some such change as this taking place. 
The atom of helium weighs less than 4 
atoms of hydrogen by an amount equal 
to 1/140 of the hydrogen supposedly 
forming it, 


come energy. 


and this lost mass must be- 
The facilities of the nu- 
clear physicist, including the mass spec- 
trograph for accurately weighing atomic 


particles, have shown that many atomic 
changes do oceur involving loss in mass, 
but in most cases much less loss than the 
hypothetical one mentioned above. 

Regardless of whether complete or 
partial destruction of matter is the 
source of the sun’s heat, the amount of 
such ‘‘fuel’’ needed to replenish the 
sun’s constant loss of heat seems at first 
a little disturbing. Basing estimates on 
the fact that at the earth’s distance from 
the sun each square centimeter of cross- 
section receives 2 gram calories of heat 
per minute, it is easy to compute how 
much matter would have to be destroyed 
to furnish this much radiation in all 
directions from the sun constantly. The 
staggering result is that it would take 
4,200,000 metric tons (4,620,000 of our 
ordinary tons) per second. But what 
seems on the face of it so alarming van- 
ishes as a menace, for the mass of the 
sun is so great that even at this rate of 
consumption it would be 150,000,000,000 
years before 1 percent of its mass would 
disappear. 

By 1939 so much information had been 
accumulated as a result of laboratory 
experiment that it became possible to say 
with a good deal of assurance that quite 
a number of 
possible at the center of the sun, under 
the influenee of its temperature of 20,- 
000,000 C Velocities up to 500 miles 
a second would be induced in atomic 
particles, and their mutual bombard- 
ment would be sufficient to change some 
kinds of atoms, though not all. In that 
vear H. A. Bethe, of Cornell University, 
announced a series of possible atomic 
the sum total of which would 


atomic changes should be 


changes, 
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be exactly equal to the very impro 
chance of uniting 4 atoms of hyd: 
to form 1 of helium. 


ss 


His series, k 


as the ‘‘carbon cyele,’’ is represente 


Figure 3. 
a carbon atom—hence the word ‘‘cy 
-and consists of collisions of 4 hydr 


The eyele begins and ends 


nuclei with the carbon nucleus an: 
successive products, and, in additio: 
products changing radioactively wit! 
the necessity of collision, these being 
stable particles. 

At each of the six steps there 
slight, but differing, loss of mass an 
corresponding production of 
The final product is helium and an ato: 
of carbon like the one with which th 
eyele began. The net loss of mass is thi 
difference between the weight of 1 helium 
atom produced and the weight of 4 atoms 
of hydrogen used up. The total pr 
duction of energy may be computed step 
by step; or, for convenience in comput 


enel 


ing, the six steps may be united in on 
going directly from hydrogen to heliun 
—it makes no difference. 

Knowing that atomic energy of som 
must be the 
amazing output of heat has been an in 
centive and an encouragement for scien 


sort souree of the sun’s 


tists to make every effort to release so! 
of this boundless store for terrestrial tise 
Simple computations based on Einsteiii’ 
relativity equation 
all the energy of a pound of any kind 
of matter could be released it would 
equivalent to a fabulous total that ca: 
be expressed as 15,270,000,000 hors 
power hours, or 11,400,000,000 kilowatt 
hours, or 21,500,000,000,000 gram. ca 
unit see! 


mc? show that 


ries, whichever kind of 
preferable to the reader. 
The sun, according to Bethe’s carb 
evele, uses 1/140 of this total amount 
mass In changing hydrogen into heli 
The atomic makes 
1/1,000 part of the total in 
uranium into the lighter elements, 


even this available proportion prod 


bomb use of © 


chang 
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imazing output, as may be seen by 
ving three ciphers from each of the 
total quantities. the 
t comprehensible illustration of the 
unt of energy resulting from the 
on of a single pound of uranium 235 
‘f plutonium is to say that it is equal 
the heat produced by the burning of 
2,700,000 pounds of coal! 
[he five years of experimentation 
it led to the atomie bomb dealt with 


Perhaps 


ve 
\ 


a 
~ 
aia 


/ 
VY= N 
CYCLE’? 
HYDROGEN 


FIG. 3. THE ‘‘CARBON 
TO BETHE, AN ATOM 
LY INTO VARIOUS ISOTOPES OF 
INARY CARBON AND AN ATOM OF 
FORM OF SHORTER-THAN-X-RAY 
ENERGY ARE CHANGED TO THE 
) ARE RADIATED OUT FROM THE 

Kk THE MASS LOST, 
YDROGEN) AND THE ‘‘ASHES’?’ 
O” BEING NATURALLY 
NEGATIVE ELECTRON 


CORDING OF 
HELIUM. 

RADIATION 
LONGER WAVES OF 
SUN. THE 
THI 
(HELIUM ). 
RADIOACTIVE, 
BOTH ARI 


mec, m, IS 
AND 


A 


THE 


H **nNES 


AND 


THE 


OF 
COLLIDES WITH ONI 
NITROGEN, CARBON, 
AT EACH OI 
GAMMA RADIATION ) 


amount or 
DIFFER 
TWO 


ATOMIC BOMB 
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different kinds of atoms from 


those the sun uses, but 


entirely 
in the bomb as 
well as in the sun the process is one of 
making changes of one atom into another 
with an accompanying loss of mass and 
of 


Instead of using the atom of hydrogen, 


a corresponding liberation energy 


the lightest atom, as the sun appears to 
do, on the ‘Manhattan Project,’’ as the 
great cooperative experiment on releas 
ing atomic was, for 


energy secrecy, 


4 
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called, the workers used the heaviest of 
all atoms, that of uranium. They 
selected this because it is naturally so 
unstable that it constantly changes with- 
out any assistance at all into a suecces- 
sion of other atoms until the final prod- 
uct is lead. They chose it also because 
recent experiments had shown that in 
uranium there is a small admixture of 
especially explosive material. 

An important incident that helped to 
touch off the greatest scientific adventure 
of all time was a visit, in 1939, of Niels 
Bohr, the father of the modern theory 
of the atom, to Albert Einstein at Prinee- 
ton. From Europe he brought word 
of a remarkable new development in 
atomic science. During the previous ten 
vears the behavior of atoms had been 
receiving close attention in various coun- 
tries by physicists, represented by such 
well-known persons as Rutherford and 
Chadwick in England, Enrico Fermi in 
Italv, Joliot and Iréne Curie in France, 
Otto Hahn in Germany, and Arthur 
Compton and Ernest Lawrence in the 
United States. Bohr, on his arrival, 
reported to his scientific friends that 
Otto R. Frisch and Lise Meitner, Jewish 
refugees from Germany, had told him 
that Frisch had split the atom of 
uranium by bombarding it with the very 
penetrating atomic particles called neu- 
trons, and that Otto Hahn, of the physi- 
cal laboratory in Berlin, had identified 
one of the products of the ‘‘fission’’ as 
barium atoms, which weigh somewhat 
less than half as much as the atom of 
(Always before the products 
atoms not 


uranium, 
of atomic change had been 
very different in weight from the atoms 
from which they were made.) Miss 
Meitner, of the Berlin laboratory, had 
computed the enormous energy of such 
a fission, and suspicion was at once 
aroused among all scientists who knew 
of the matter that in this direction lay 
the looked-for road to the liberation of 


useful quantities of atomie energy. 
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Many scientists were now convin 
of the possibility of finding a way 
secure atomic energy. They took 
initiative in awakening an interest 
Washington and in military cire! 
President Roosevelt was quickly resp: 
sive and secured a small appropriat 
to have the work started. Dr. Vanney 
Bush, then Chairman of the Nationa! 
Defense Research Committee, led in th 
organization of the scientific work, a) 
Brigadier General L. R. Groves was late: 
placed in charge of all army activities 
connection with the project. 

A compelling motive for haste was tli 
knowledge that Germany had at least a) 
even start with us and was trying to 
add atomic bombs to her other 
weapons.’’ The work began in 1940 and 
culminated in 1945, resulting in tl! 
building of two new cities, one of 60,000 
inhabitants on the Columbia River in 
Washington, the other in Tennessee. A) 


66 
secre 


experimental laboratory, said to hav 
been the best-equipped in the United 
States, was also established in the desert 


wilds of New Mexico. The cost of the 
project amounted to $2,000,000,000. 

The atomic particle called a neutron 
requires special attention in the discus 
sion of atomic energy, for it has played 
a most important role in this whole five 
vear project. Although the neutron is 
one of the three fundamental particles 
that form all nature, neutrons were not 
known as particles until 1932, when the) 
were proved to be such by Chadwick, thi 
English scientist. They had been ob 
served first in Germany, and then ex 
perimented with in France, but they had 
been thought to be ‘‘rays,’’ not particles 
They are similar in weight to the proto) 
the nucleus of an atom of hydrogen, but 
have no electric charge as the proton an 
the electron have. 

This neutral quality gives the neutro! 
power to insinuate itself into the heart 
of the atom. If charged particles ar 
used for bombarding atoms they are r 
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ed by other similarly charged par- 
s that are their target. But the 
tron’s lack of charge makes it hard 
control; it cannot be speeded up by 
ctric force nor guided by a magnet. 
slow it down it must be _ passed 
hrough some light substance—graphite 
is used in work leading to the bomb. 
The neutron goes straight ahead until 
collides with the nucleus of an atom. 
ranium was made the target for such 
bombardment by neutrons. Its atoms 
are the heaviest and most complex, and 
are naturally radioactive. Uranium, like 
nearly all elements, is made up of more 
than one kind of atom; the kind in 
oveatest abundance in uranium has an 
atomic weight of 238, but one atom in 
about 140 is a lighter one weighing 235. 
It is this slightly lighter variety (iso- 
tope) of uranium that is ‘‘fissionable,’’ 
that can be exploded. If the U-235 
could be separated from the U-238 it 
would be ideal for use in the bomb, but 
since these isotopes are so nearly of the 
same weight, separation on a large scale 
is almost impossible. Chemical means 
cannot be used to separate them for, like 
all isotopes, they are chemically identi- 
eal. 

Fortunately, experiments with ura- 
nium both before and after the bomb 
projeet was begun led to the knowledge 
that it is possible to convert U-238 into 
a different element, as explosive as U-235. 
This was named plutonium. Being dif- 
erent chemically from uranium, plu- 
tonium can be readily separated from 
the unehanged metal. The making of 

lutonium is a major part of bomb con- 
truction. Great ovens, or ‘‘ piles,’’ made 

graphite bricks, were used to change 

e huge slugs of uranium metal into 

lntonium. 

Neutrons exist in the nuclei of atoms 
nd are secured for use and given their 

otion by knocking them out of these 

uclei with bombardment of some sort. 

’n a small experimental scale, the most 
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is to mix radium with the 
the particles 


common 
metal beryllium and _ let 
coming off from the radium drive neu 
trons at high speed out of the beryllium. 
The neutrons the bombarding 
particles to split uranium 235 and lib 


Wa) 


become 


erate energy. 

Kor large-scale production of atomic 
energy what is called a ‘‘chain reaction’’ 
is set up, and uranium itself serves both 
aus a source of neutrons and as a target 
to be bombarded by its own neutrons. 

If uranium were made entirely of 


('-235 any large quantity of it would 


explode spontaneously, but in the small 
concentration of only 1 atom to 140 


atoms of the nonexplodable kind, it is 
only split atom by atom. To get any 
large quantity of it to undergo fission, 
the action in the mass must be self-per 
petuating. It must be made to go on as 
a fire does when once lighted; the fire 
does not go out when the match is re- 
moved. Such an action that, 
started, is independent of any outside 
influence is called a ‘‘chain reaction.”’ 


once 


Two conditions are necessary to set 
up a self-perpetuating chain reaction in 
uranium; the high-speed neutrons must 
be slowed down to a lower rate, called 
‘‘thermal velocity’’; and there must be 
a large enough mass of uranium so that 
the flying neutrons will be so well-sur- 
rounded with it that not many of the 
neutrons will eseape without hitting a 
nucleus. Neutrons of moderate speed 
will make a larger proportion of hits; 
passing through graphite before coming 
to uranium slugs slows the neutrons. 
The first chain of this sort 
ever set up was in a graphite pile con 
taining 6 tons of uranium on the campus 
at the University of Chicago, December 
2, 1942. This first feeble ‘‘atomie fire’’ 
threw off energy at the slow rate of only 
. watt; and, though this rate of action 
was in a few days raised to 200 watts, 
this pile would have had to be kept in 
70,000 yield 


reaction 


operation for years to 
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enough plutonium to make one bomb 
But this experimental pile was soon suc- 
ceeded by the mammoth plutonium plant 
on the Columbia River. 

The graphite piles are built with open- 
ings running through them. In these 
openings are placed the slugs of ura- 
nium, sealed in aluminum cans to keep 
them dry, as water runs through the 
pile to prevent overheating. Neutrons 
strike the uranium and 
sorbed, thus increasing the weight of the 
atom, but it is still uranium, for the 
charge on its nucleus has not been 
changed. Then the nucleus gives off 
automatically 2 negative electrons and 
this does change its charge, raising it 
by 2, because the loss of negative charge 
is equivalent to an increase of positive 
charge. It is now a different element, 
Number 94, never existing before, and 
is given the new name, plutonium. Oc- 


atom are ab- 


easionally the uranium, now containing 


a little plutonium, is removed automati 
‘ally from the pile and dissolved. Then 
the new element can be separated chemi 
eally from the uranium. 

The piles must not work so fast as to 
Strips of cadmium or 
are pushed into slots 


explode. steel 
containing boron 
in the pile if action is dangerously fast, 
for these absorb some of the neutrons, 
which act like sparks in spreading the 
‘*atomie fire.’’ If aetion is too slow, the 
strips are drawn out so that more of the 
neutrons will aet the uranium. 
These strips serve a purpose similar to 
that of the thermostat in an oven. All 
such operations are either automatic or 
are performed at a distant instrument 
board, where the men are well-protected 
from the harmful rays and particles that 
are always thrown off in atomie changes. 

Naturally the details in regard to the 
construction of the bomb have been with- 
held for reasons of security in the report 
authorized by the War Department and 


upon 
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prepared by Dr. Henry D. Smyth, 

of the scientists on the project. One 
ference between plutonium product 
and bomb production is that slow-speed 
the 
high-speed ones in the latter. 
that all particles in the bomb will 
acted upon before they are blown too 
far apart for complet? explosion to ta 


neutrons are used in former a 


This is so 


place. 
It is that the 
the explosive is stored in separate com 


believed within bomb 
partments, each portion so small as to 
be below the ‘‘critical mass’’ necessary 
for a chain reaction to be set up. Then 
to detonate the bomb it would be neces 
sary only to bring these separate masses 
very suddenly together so that the mass 
will be above the critical quantity re 
quired to touch off the chain reaction 
The igniting neutron sparks could be 
furnished by the presence of a little 
radium and beryllium, or the few neu 
trons always present in uranium. Even 
cosmie rays could serve as the igniting 
spark. 

What can be said at this time of the 
future use of atomic power? Since that 
day in December 1942, when the first 
chain reaction was set up among the 
atoms, it has become evident to scientists 
that some future use of nature’s greatest 
storehouse of energy is_ inevitable 
When it was found that only a part of 
the liberated energy 
make the process continuous and auto 
matic, it could be easily seen that the 
rest of the power might be harnessed to 
do some useful work. Though this frac 
tion of the atom’s total potential energy 
that is over and above the fraction neces 


Was necessary to 


sary for the automatic continuation o! 
the process be ever so small, it becomes 
a matter of mere technique to inereas 
the available fraction, as has been so 
abundantly shown since that first feeble 
display in 1942. 





THE LENGTHENED SHADOW OF A MAN 
AND HIS WIFE— II 


By JAMES G. 
PROFESSOR EMERITUS OF ENTOMOLOGY 
\VuILe Professor Comstock, as herein- 
noted, in addition to teaching 
arge classes, was doing many things for 
the promotion of interest in entomology, 
\rs. Comstoek was also doing things on 
She had married before the 
completion of her college course, and 
now she wanted to finish it. She man- 
aved to take a few courses in her spare 
time and to graduate from Cornell in 
She entered into the social life 
the faculty, where she was a great 


re 


the side. 


1885. 
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AND 


HOME OF CORNELL’S DEPARTMENT OF 


NEEDHAM 


LIMNOLOGY, CORNELL UNIVERSITY 


She attended social 
taking her 


when she could get 


favorite. many 


husband along 
him to go, and under 
standingly leaving him behind when she 
couldn’t. 

She was keeping a diary, which be 
came much more than a record of events. 
It told a story of high-brow social life 
in the nineties with a university back- 
evround. 


functions, 


Condensed here and expanded 


there, it was published as a novel in 
1906 under the title Confessions to a 
Heathen Idol, by Marian Lee. A 


pseu- 


ENTOMOLOGY 
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donym was used on the first printing, 


she said, because it would by some be 
considered ‘‘scandalous’’ that she should 
write a novel, and ruinous to her scien- 
tific standing. Comstock had read the 
manuscript, but had offered no assurance 
of success beyond the qualified endorse- 
ment: ‘‘For people who want this sort 
of thing, it is just what they want.’’ A 
second printing was called for, however, 
by the public, and that one was made 
under her own name. No one can read 
Confessions without finding in its kindly 
philosophy and gentle humor a new un- 
derstanding of the reason for Mrs. Com- 
stock’s social influence. 

Mrs. Comstock meanwhile began the 
study of wood engraving. She was pre- 
paring to make suitable illustrations for 
her husband’s projected textbook. For 
several years, while he was piling up 
manuscript, she was practicing with her 
engraving tools, gaining skill with prac- 
tice and getting what guidance she could 


in Ithaca. Then she went down to 


New York City and to Cooper Union for 


six weeks of special training under the 
master-artist, wood engraver John P. 
Davis. Her work there won warm ap- 
proval, and she was later elected to mem- 
bership in the American Society of 
Wood Engravers. 

Krom studying with Davis, she re- 
turned to the extended task of preparing 
the choice engravings that distinguish 
Comstoeck’s Manual for the Study of In- 
sects. 

In the year 1889-90 Comstock got his 
first full-time assistant, Mark Vernon 
Slingerland. He was a cousin of Mrs. 
and came from her home 
county. He had entered the college as 
a Freshman two years before, knowing 
nothing whatever about entomology. Out 
of curiosity to see what his cousin’s bug- 
chasing husband was like, he attended 
one of Comstock’s lectures. The subject 
chanced to be the life history of a butter- 
fly. Slingerland had not known before 
that butterflies come from caterpillars, 


Comstock 
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or that they have an intermediate 

stave in their life history. He fow 
subject of absorbing interest and 
and there decided that he want: 
study entomology; and he studied 
such zeal and suecess that he wor 
pointment to an assistantship in 
subject while he was still an underg: 
ate. 

Slingerland’s interest in insects 1: 
the applied side. He was quick to see 
that insect control depends first. o! 
on knowledge of their life histories an 
habits. He soon made a name for | 
self by the work that he did in that fiel( 
He took over the undergraduate cours 
in economic entomology and a_ larg 
share of the work on insects in the Agri 
cultural Experiment Station. He was 
made an instructor in 1890 and an as 
sistant professor in 1907. 

Slingerland took to insect photography 
like a duck to water. When I knew hin 
he almost lived in the inseetary with that 
bie, old long-bellows camera. He went 
to the new insectary with it, stayed with 
it, all but slept with it; and it becam 
the instrument of his chief contributions 
to economic entomology. 

I shared an office with him in the head 
house of the insectary in the summer of 
1897 and saw him at work. He was out 
in the greenhouse taking pictures, or ou! 
in the field after subjects for more pic 
tures, most of the time. He loved to pho- 
tograph insects: whole insects; insect 
eggs; larvae; pupae; insects on their 
food plants, in their burrows, in their 
cocoons; singly, in pairs, and in swarms 
And he wrote his bulletins around lis 
superb photographs. I never knew an 
other man so wholly devoted to one pu! 
suit. 

He set a new standard in entomolog’ 
for fine photographie illustrations. 1 
built up a collection of lantern slides 
that was the best in his day, and tl 
will long continue in service. 

The next addition to the teaching st 
of the Department was made in 186 
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n Alexander Dyer MacGillivray was 
le an instruetor. 
\lacGillivray was a 
n of very youthful appearance, blue- 
ed, slightly stooped, quiet, industrious, 
He took charge of the labora- 


mild-mannered 


d able. 
ry in Comstock’s introductory course 
veneral entomology. He was very 
nd and helpful with students, but also 
vy rigorous in demanding full com- 
iance with the requirements established 
or that Comstock ealled him 
‘‘an exeellent drillmaster.’’ 

While Slingerland was building up a 
creat collection of negatives and lantern 
slides for the Department, MacGillivray 
vas building up its inseet collection. He 
was a good systematic entomologist; 
knew the insects of all the orders; col- 
lected diligently at every opportunity ; 
pinned, labeled, named, and arranged 
lis specimens with great care. He had 
a wonderful eye for species and could 
remember their characteristics and name 


course. 


them at a glance. 

Some of his best collecting was done 
from the freshly gathered material that 
students brought in from their field 
trips. He had to supervise the work of 
students in determining their eateh, and 
whenever an insect appeared that was of 
| species not represented in the Cornell 
collection, he spotted it immediately, and 
begged or traded with the student for it 
he always got it) and added it to the 
lepartmental collection. Thus the eol- 
ection grew apace. 


echafed a bit under the 
ecessity of teaching entomology during 


(‘OMSTOCK 


the lone winter season, while unable to 
old classes in the summertime when the 
najor phenomena of insect life are avail- 
ble for study; so, as soon as he could, 
e made a shift in his own time sehedule. 
le established a summer term in ento- 
iology and took his own vacation during 
His summer 

full-time 

attract 


term. eourse 


alone. It 


he winter 
invited 
began to 


hen stood 


‘“istrants. It soon 


29] 


teachers from other schools and colleges. 
They came to spend their summer vaca- 
tions devoting full time to the study of 
entomology under Professor Comstock. 
Thus the enrollment came to have a con- 
siderable admixture of more advanced 
students and of graduates who were spe- 
clalizing in this field. 

The first winter that 
teaching by this arrangement gave the 
Comstocks a chance to go abroad. They 
spent the winter of 1888 at the Univer 
sity of Leipzig in Germany. 

Kor the next ten winters they were 
destined to be back in the teaching har- 
again. Stanford University 
born. President David Starr Jordan 
persuaded the Comstocks to come out to 
Palo Alto and organize a department of 
entomology there, where in a milder eli- 
mate than that of Ithaca insects could be 
round. It 


was freed from 


hess Was 


studied in action all year 
seemed like a good way to spend a vaca 
tion. Dr. Jordan was a dear friend, and 
there were former colleagues from Cor 
nell Stanford 
faculty. It was a new and hopeful edu 
cational enterprise. A rich and little 


was waitine to be 


now members of the 


fauna 
So they went to Califor 


known insect 
studied there. 
nia; and kept on going for ten years. 
The second winter they took Dr. Ver 
Kellogg along as assistant in 
entomology, and left him there to carry 
on through the year and later to become 
head of the very suecessful department. 
The few entomologists who were there 
had a time together. Dr. R. W. 
Doane, who was then a graduate student 
onee told me some of their doings. He 


non KR. 


cood 


especially treasured the memory of the 
Sundays when he and Kellogg and Com- 
stock took to their bieveles and pedaled 


Hills. 


with a 


out into the West They knew a 
little valley 


stream, where spring came earlier than 


secluded running 
elsewhere, where many rare insects were 
to be found, and farm 
housewife furnished a hot luncheon, with 
fried chieken and all the trimmings. 


W nere a eood 
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Comstock’s load of work was growing 


heavier. With classes to meet all the 


year round at Palo Alto and at Ithaca, 
with supervision of the research work of 


vraduate students, with correspondence, 
and with frequent faculty duties that 
he never neglected, he found little time 
for writing. Each day was too full, and 
he himself at the end too tired to write 
effectively, so he decided to write in the 
morning when his mind was rested. He 
began the practice of getting up at 4 
A.M. each day and going to bed (except 
when duty otherwise demanded) at 8 
P.M. It goes without saying that, on a 
university campus, few would come into 
his office between 4 A.M. and breakfast 
time to interrupt his train of thought. 

After the completion of the Manual 
for the Study of Insects, Comstock went 
to work on a similar treatise on spiders. 
For his needs far too little was then 
known about the spiders of the states on 
our southern border. So he spent a 
winter in the South, collecting materials 
for this book. There he had colleagues 
in the field who helped: noteworthy 
among them were William Morton 
Wheeler at Austin, Tex., Harcourt A. 
Morgan at Baton Rouge, La., and Glenn 
W. Herrick at State College, Miss. 

The work of spiders in spinning their 
webs fascinated him. He desired that it 
should be adequately illustrated. He 
felt that its marvelous detail would be 
beyond the power of any artist’s pencil 
to portray. So he took to his eamera to 
show it. He kept living spiders and ar- 
‘anged suitable ‘‘looms’’ for their use 
in spinning in order to get freshly spun 
and uninjured webs to photograph; he 
ealled them ‘‘made-to-order’’ webs. 
And I ean testify from personal knowl- 
edge that a prodigious lot of time, pains- 
taking preparation, and patience went 
into the making of his superb pictures 
of them. The Spider Book was finally 
published in 1912, and took its place as 
a standard text and reference book for 
students of arachnids everywhere. 


During the winter of 1907-8 the ¢ 
stocks took their first andonly sabbat 
leave. They spent most of the win 
in Italy, Greece, and Egypt. In Euro 
they visited foreign entomological « 
leagues: Berlese in Rome; Silvestri 
Portici; Simon (arachnidologist ) 
Paris; Poulton and Hampson in Londo 
and others. In Belgium Comstock was 
elected to honorary membership in thie 
Socicté Entomologie de Belgique. 

Mrs. Comstock’s greatest work stil! 
lay ahead. In the agricultural depres 
sion of the nineties, when farming had 
become unprofitable and country youthis 
were flocking to the cities in alarming 
numbers, wise men were seeking some 
means of making life on the farm mor 
attractive; educational means, as well as 
economic. In the hope of interesting 
future farmers in things of value and ot 
beauty in their rural environment, the 
New York State Legislature made a first 
appropriation of $8,000 for the teaching 
of nature study in the rural schools, and 
handed it over to the College of Agricul 
ture to administer. 

This was a new kind of agricultural! 
extension. Liberty Hyde Bailey was put 
in charge of it. He furthered it mightily 
by writing and speaking, as well as by 
efficient administration. A_ series of 
Nature Study Leaflets for use in rural 
schools was begun at onee, and to that 
series Mrs. Comstock and members of the 
faculty of the College of Agriculture 
contributed numbers. ‘‘Unele John’”’ 
Spencer was drafted from his farm to 
deal directly with the children in schools 
He promoted Junior Naturalist Clubs in 
the rural schools of the state until he had 
enrolled at one time more than 30,000 
members. But it was Anna Botsford 
Comstock on whom fell the main task 
of bringing nature study to the teachers 
in the schools. To her, more than to an) 
other person, the continuing suecess 0! 
the undertaking is due. 

She gave up wood engraving to meet 


a greater need. She wrote many natur 
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leaflets and made the drawings for 
illustration. She wrote notebooks 
‘+hildren’s use on birds, trees, and 
familiar plants, and got competent per- 
sons to write them on other groups. She 
discussed nature study at teachers’ meet- 
ines all over the state, and lectured on 
at Cornell and at other universities ; 
at Stanford and Columbia repeatedly ; at 
the University of California in 1906; at 
the University of Virginia in 1920; and 
at other educational institutions of vari- 
ous grades. 

She organized courses in the teaching 
of nature study especially for rural 
schoolteachers at Cornell University. In 
1908 she was awarded an assistant pro- 
fessorship by the trustees of Cornell: 
the first woman to attain that academic 
standing. 

Kine as was her work with a graver, 
what she did with her pen was even 
more remarkable. She wrote books; first 
two small ones that were strictly ento 
mological: Ways of the Six-Footed in 
1903, and How to Keep Bees in 1905. 
Then she surprised her friends by pub- 
lishing the hereinbefore mentioned novel, 


Confessions to a Heathen Idol, 1906; 
then the big two-volume Handbook of 


Nature-Study in 1911, and finally, The 
Pet Book in 1914, and Trees at Leisure 
In 1916. 
lf asked to name a single one of these 
for which she would like to be remem- 
bered I think she would have chosen the 
Handbook of Nature-Study. That book 
slowly evolved out of her work on the 
Leaflets, out of her writing for the Nature 
Study Review, which she edited for 
ars, and out of her experience in train- 
ing teachers of nature study. She con- 
sulted her husband, so she once told me, 
bout the desirability of preparing the 
Hlandbook, and he eneouraged her to do 
(; said he would give her any help he 
uld; said it was much needed, but 
at she must not expect any financial 
turns from it, for it probably would 


ver pay printing costs. So it was done 


as a labor of love and as a publie service. 
Happily, he was mistaken. Its success 
was soon assured. It became, and still 
is, the one most essential reference book 
of nature study, and it is used around 
the world wherever nature study is 
taught in the English language. It is 
now (1945) in the third printing of the 
24th edition, and going strong. Such is 
Mrs. Comstock’s record as a writer. 

She was raised in rank to a full pro 
fessorship of nature study in Cornell 
University in 1920. She was given an 
honorary degree, Doctor of Humane Let 
ters, by Hobart College in 1930. She 
became a member of the board of trus 
tees of William Smith College and of 
Hobart. She was designated by a poll 
of the members of the National League 
of Women Voters, 1923, as one of the 
‘‘twelve living women who have contrib 
uted most in their respective fields to 
the betterment of the world.’’ 


WHEN I first came to Cornell as a 
eraduate student late in the summer of 
1896, the summer term had ended, but 
a few students lingered at the laboratory 
in White Hall, and Professor Comstock 
was there with them. He greeted me 
pleasantly, took me into his office, and 
proceeded at once to ask me what I had 
done in my first year’s graduate work at 
Johns Hopkins University. Then he 
asked about the work in which I had par 
ticipated earlier that summer at the 
floating laboratory of the Illinois State 
Natural History Survey. My first im 
pression was of his alertness to what was 
voing on in fields bordering on his own 

He showed me about the Department. 
In his office two east windows looked out 
upon the green of the main quadrangle. 
sefore one window stood his own plain 
orderly desk; before the other stood 
Mrs. Comstock’s desk, equipped with 
light controls and tools for making wood 
engravings. On a table were prints and 
proofs; also a typewriter; on the wall, a 
hand-cranked telephone. 


4 24 2 aed 2 
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The Department was up-to-date with 
Welsbach-mantled gas lights, projection- 
lantern are light, and a darkroom 
equipped for making photomicrographs. 
In the lecture room were long shop-made 
benches, with backs so aslant that they 
caused discomfort, but with a writing 
arm for each student’s notebook. 

There was but one laboratory for stu- 
dents. It extended the entire 
north end of the building. It was 
equipped with carpenter-shop-made two- 
There were no desks for 


across 


drawer tables. 
Graduates and under- 
graduates the laboratory and 
even some of the tables, for there were 
more students than there were places to 
seat them apart and things had to be 
An unabridged dictionary stood 
Com- 


students as yet. 
shared 


shared. 
in a corner on a stand of its own. 
stock recommended its constant use as 
an aid to scholarship. 

At that time Comstock, Slingerland, 
and MacGillivray were the entire staff 
of the Department. Comstock was giv- 
ing the lectures in entomology, and in a 
course in general invertebrate zoology 
as well. MacGillivray cared for the rou- 
tine of the laboratory, saw that students 
were supplied with specimens to be 
studied, and that they did the work as- 
signed. He spent all his spare time in 
building up the departmental insect col- 
lection. Slingerland was taking over a 
large share of the experiment station 
work on insects. 

Comstock was deep in his study of the 
venation of the wings of insects, but the 
only time he could claim for research 
was in the early morning hours, before 
the chimes began to eall others to their 
tasks. By day the door between his 
office and the laboratory was nearly 
always open. Undergraduates were not 
neglected by him; he took a personal in 
terest in the work of every one of them. 

There were then but five graduate stu- 
dents in the Department. They sat with 
the undergraduates in the laboratory, 
where Professor Comstock came betimes 
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to see how each student’s work was 
vressing, and to drop hints of exc 
things to be learned beyond the bi 
of the present 
He did not do any student’s work 
him, nor did he leave him flound 
alone when a mere suggestion of mettiod 
or material would save his time and { 


laboratory assign 


per. 

Graduates were expected to tak: 
lectures in the beginning course in ent 
mology along with undergraduates 
even those who had studied entomo 
elsewhere found that no hardship 
provided further knowledge. = Con 
stock’s handling of the subject was a 
lesson in balanced organization of sul 
ject matter, in clearness of presentation 
and in simplicity of language. It 
said of his lectures that ‘‘his winning 
personal attitude made every student a 
sympathetic listener.”’ 

As my work progressed it was sti 
lating to have him come in to the labora 
tory and sit down beside me and sa) 
‘*‘Now show me what you have been 
doing,’’ and to have him express pleasure 
in every little discovery that seemed to 
have any significance. It made me eager 
to goon. It was a treat to go afield with 
him to see the delight he took in the lis 
ing world, especially in its insect inhabi 
tants. He loved everything out of doors 

Karly in my first vear of study wit! 
him, after he had invited me to join him 
in a special study of the developing 


was 


wings of insects, he said to me one day, 
‘“We to know the tracheation of 
the wings of the cicada. I planted some 
17-year cicada eggs on the campus here 
sixteen years ago. If they tarived thie 
nymphs hatched from those eggs should 
How would you 1 


need 


now be well-grown. 


to help me dig for some of them?’’ © 


So we got pick and 
If 


course I agreed. 
shovels and went out to dig together. 
was a Saturday afternoon, and the qu: 
rangle was deserted. 

There was then a lone hickory t1 
standing near the south side of the ma! 
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angle in front of Boardman Hall. 
n years before Comstock had col- 

twigs from other trees, well- 
led with fresh-laid cicada eggs. He 
placed the twigs in the boughs of 
hickory, where nymphs on hatching 
the eges would tall to the ground. 
thought they would burrow down 
feed upon the tree’s roots. The 
developmental period of this spe- 
was well-known by reason of the 


evular seventeen-vear recurrence = of 
ocal broods, but in the field of entomol- 
ogy Comstock liked to be able to speak 


from personal experience. 

We dug and dug. We dug for two 
hours straight. We dug well down 
among the hickory roots in several places 
without finding a single cicada nymph. 
linally, as he began to fill holes and to 
replace sods, he said: ‘‘ Well, we’ve had 
some good exercise. The cicadas didn’t 
like my choiee of a home for them. 
Something in the environment was 
wrong.’’ As we went back to the labo- 
‘atory he added: ‘‘Some of our labora- 
tory eultures also will fail, but that 
should not keep us from trying again.’ 

Professor Comstock was not a one- 
college entomologist. In the middle of 
my second year of study with him, he 
made arrangements for my study im ab 
cntia. Kor the completion of my doc- 

r’s thesis I needed to study Odonata 
dragonflies) in a larger collection than 
Cornell then possessed. He sent me to 
study in the Hagen collection at the 
Museum of Comparative Zoology. Be- 
sides the advantages to be derived from 

use of that wonderful collection, | 

d while at Cambridge in happy asso 

tion with the zoologists at Harvard 

versity : Edward L. Mark, George H. 

rker, Charles B. Davenport; paleon- 

gist Traey Jackson; and the mem 
of the Cambridge Entomological 

b. The club in that day met with 

Samuel H. Seudder in his private 
seum. I appreciated those meetings. 

‘omstoek desired that his students 


should know something of the men and 
the methods in other institutions as well 
as in his own. He considered these men 
as colleagues rather than as competitors. 
He entertained no feuds over technicali- 
ties; cherished no grievances ; was always 
ready to cooperate. He advised us who 
studied with him to respect the work and 
the opinions of others; to stick to facts 
and not to engage in argumentation. 
When a piece of research had reached 
the point of preparation for publication, 
he required strict attention to the cor 
rectness of every statement, saving, ‘‘ Be 
sure vou are right, and then look again.”’ 

Aid and comfort and sound advice he 
vave me on many occasions. I cannot 
refrain from mentioning a few addi 
tional items of a very personal nature. 
When I returned to Ithaea to join the 
Cornell faculty and was looking for a 
place to live he said to me, ‘‘ Find a loea- 
tion where your family will have con- 
venial neighbors with like interests.”’ 

A little later he said, ‘‘If you like 
volf, the local country club would wel- 
come you to membership. I joined to 
help a new local enterprise get under 
way, but I don’t play golf often. I find 
trips afield after insects more interest 
ing. The last time I figured up accounts 
I found that my golf was costing me $18 
a hole.’’ 

When I had been seleeted bv the New 
York State Museum officials to set up a 
field station for the study of aquatie in 
sects in the Adirondack Mountains, he 
said to me, ‘‘ How fine it is to get paid 
for doing what you would be doing with 
out pay for fun and by preference.’’ 

After receiving my doctor’s degree 
from Cornell University in 1898, I went 
to Lake Forest College as Professor of 
Biology, and remained there for eight 
and a haif years. During that time there 
was steady growth in the Department 
of Entomology at Cornell, and improve 
ment in its equipment. There were four 
members of the teaching staff. William 
A. Riley had come on a fellowship in 


ees « 
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1898 and had been made an instructor in 
1901. 
in insect morphology, and in that course 
The Department 


A new course had been established 


he had a large share. 
was just leaving its outgrown quarters 
in White Hall for new and larger ones 
in Roberts Hall on the adjoining Agri 
cultural College quadrangle. 

In 1907 I returned to join the staff of 
the Department as Assistant Professor 
of Limnology. It was given to me to 
initiate a new course of university in- 
struction, and to break ground in a little- 
developed field. I count myself as very 
fortunate in having had Professor Com- 
stock for my sponsor. He prepared the 


way for me. He persuaded Jared T. 


Newman, an honored and _ farsighted 
trustee, to give the University land at 
the head of Cayuga Lake for a biological 
Liberty Hyde Bailey, then 
Dean of the College of Agriculture, 
provided a station building. Delavan 
Smith, of Lake Forest, Ill, a public 
spirited friend, provided initial equip- 
ment and support. The need of both 
teaching and research in the undeveloped 
resourees of our inland waters was ree- 


field station. 


ognized without argument by these men. 

My own special field of limnologica! 
research was to be the biology of fresh 
water and that justified my 
placement in a department of entomol 
ogy. The wet land and its open waters, 
being a part of the land in whose animal 


insects, 


population aquatic insects play a very 
large role, made desirable the alignment 
with a college of agriculture and an agri 
cultural experiment station. 

On the northwest corner of the second 
floor in Roberts Hall there was an exeel- 
lent that I 
work in limnology. My first class num 
bered six students, four of whom later 
became my colleagues on the Cornell 
faculty: Hugh Daniel Reed, Albert 
Hazen Wright, Arthur Augustus Allen, 


Llovd became 


classroom Was assigned for 


and John Thomas Lloyd. 


my assistant. Later, as Instructor in 


Limnology, he joined me in authorship 
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of a textbook for the course, The Li 
Inland Waters (1916). 


stock gave our work in limnology w] 


Professor ( 


hearted support. 

His department was run with econ 
and true efficiency. In all his relat 
with his helpers, from janitors to assis 
tant professors, Comstock’s method 
to assign the work to be done, arranve 
fit conditions for doing it, and then k 
out of the way. He didn’t ask for 
ports at stated intervals; he asked o1 
for reasonable accomplishment. 

He was a bit short-tempered with any 
who shirked. Dr. Robert Matheson 1 
lates that one morning he entered W! 
Hall with Professor Comstock, who, on 
eoing into his office, found his waste 
basket full of paper seraps left over fro: 
the work of the day before. The janito: 
had neglected to empty it. Comstock 
seized the basket, carried it out into thi 
hall and dumped the contents down tly 
stair well, scattering them all the way 
down to the basement. Then he re 
marked casually that he had reminded 
the janitor often enough—perhaps |i 
would now remember the wastebaskets 

Retirement from teaching 


for Professor Comstock a golden 


service 
meant 
opportunity to put the results of his 
lifelone studies into final form. He kept 
his office in Roberts Hall, and went in 
and out daily, setting a good example of 


productive scholarship to all the Depart 


ment. First he completed a book that 
was a summary of work in his own sp 

cial research field, The Wings of Insects 
(1918). <A leading British entomologist 
said that Comstock’s work in this fi 

was the greatest contribution to know 
edge of entomology in half a centur 
Then he put together another larg 
hook that embodied the subjeet matt: 
of his basic course, An Introduction 


Entomology published in 1920. 


Iv HAs been said that many an insti! 
‘*the 
the Department of 


shadow ot 
Entomolo 


tion is lengthened 


9 
han 
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Cornell University is the lengthened 
low of a man and his wife. During 
first half-century of the University 
were colaborers in the best sense of 
word. Their place in its history is 
ire. 

(hey were a complemental pair. He 

s short in stature, quick-spoken, alert 

n fidgety sometimes, and always mas 
uline. She was tall (fully his equal in 
height), slow-spoken, taetful, and gra 
‘ious. They were alike in their aims 
ind interests, in their spirit of helpful- 
ness toward students, in their lovalty to 
the University and to every good cause 
that needed their support. Though they 
had no children of their own, their house 
became a second home to children of 
others, and a place of happy social inter- 
course to hundreds of students. Their 
lives were devoted to sound learning and 
sane living. 

All around the world today there are 
many for whom the choicest memories of 
their college years are the evenings spent 
in the home of the Comstocks. Mrs. 
Comstock would read to them choice bits 
of poetry and prose, while her husband, 
after seeing that all were weleomed and 
made comfortable, would sit as a listener 
among them. I sat with them often. It 
seemed to me that Mrs. Comstock’s fa- 
vorites were the Quaker poet Whittier, 
the naturalist Thoreau, and the story- 


teller Kipling. But she loved all good 
literature and her readings ranged from 
fun 
nies.’”? Of the latter class, many will 


“é 


Kmerson’s philosophical essays to 


emember this one: 

\ little pig with a querly tail, 

(ll soft as satin and pinky pale, 

Is a very different thing by far 

From the lumps of iniquity big pigs are. 
After the publication of the Manual 
nd How to Know the Butterflies, their 
ames ceased to appear as joint authors 

books, but their joint interest and 
utual help went into every book that 
ther of them wrote. He was as proud 
' her achievements as she was of his. 


At the time of Professor Comstock’s 
retirement from active teaching in 1914, 
Dr. David Starr Jordan wrote: 

His marriage intensified his influence in every 
way. His home became the center of nature 
study, as of human friendliness. Scores of youth 
of promise at Cornell have owed as much to the 
personal sympathy of the Comstocks as to any 
thing anybody taught them in school. Not one 
of them—men or women—but renders grateful 
tribute today, not to Comstock alone, but equally 
to the gifted and bighearted colleague, who, as 
helpmeet, has kept full step with him through 
all these years. 


They had many distinguished guests. 
Some were foreign scholars, visitors to 
the University, whose activities were in 
different fields. All were simply and de 
lightfully entertained. Mrs. Comstock 
told me that they onee had a British 
entomologist for a week-long guest, at a 
time when they were without hired help, 
and she was doing her own housework, 
both cooking and serving. The guest, 
wholly self-centered and oblivious to 
household affairs, put his shoes in the 
hall outside his chamber door each night 
to have them shined. Professor Com 
stock, knowing the English custom, 
rather than have a guest disappointed, 
took the shoes each night and shined 
them himself. 

Of their home life, [ will let the two 
friends who know them best speak : 

George Lineoln Burr said: ‘‘Their 
tastes were congenial. Their home, 
in which I lived for vears, and which | 
knew well from our college days, was 
one of the loveliest I have ever known.”’ 

Simon Henry Gage said: ‘‘There was 
ever present in that home the glowing 
hearth-fire of human kindness.”’ 

Now, a bit more departmental his 
tory. In order to show, graphically and 
chronologically, the development of the 
teaching staff of the Department, I have 
prepared the accompanying — tabular 
statement. My faculty colleague, Pro 
fessor Bristow Adams, who was a friend 
of the Comstocks first at Stanford Umi 
versity and then at Cornell, has wrought 


< 


tars a 
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The Lengthened Shadow of a Man and His Wife 


John Henry Comstock 1849 -1931 
Anna Botsford 1854-1930 


Began with a 2-hour Spring-term course of “Lectures and Field Work in Entomol 


| arried 
§ 


§ Entomol gist of the United States Department of Agriculture 


Became Professor of Entomol py and Invertebrate Zoology 


nverland, his first full-time Assistant in Entomology 
Mac Gillive iy 


1 C Bradley 
906 | J.G.Needham, C.R Crosby 
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it into acceptable form for presentation. 
Perhaps I may be allowed to eall it a 
shadowgraph because of its special fune- 
tion: it slants hke a shadow from the 
two great founders. It will serve as a 
condensed record for the first 68 years 
of the University, with names and dates 
of entrance of the principal members of 
the staff of the Department down to the 
year 1940. 

It shows at the top the long initial 
period of struggle for recognition, while 
as yet entomology had no place in uni- 
versity eurricula. It shows that for 
nearly half of the years of his teaching 
service Comstock was without a single 
paid assistant. These were years of slow 
and steady progress. After them came 
a period of rapid expansion of the De- 
partment, with belated recognition of 
the service that Comstock was rendering. 
The public was beginning to learn the 
importance of insects in agriculture and 
in publie health. No one of intelligence 
insects. 


now seoffs at the study of 
Greater financial support was coming to 
the agricultural colleges and their asso- 


ciated experiment stations. The work in 
nature study had turned the eyes of the 
children toward Cornell University, and 
they were flocking to the College of Agri- 
‘ulture in rapidly increasing numbers. 

The shadowgraph does not show two 
shifts of boundaries that were made dur- 
ing the latter years of the Comstocks, 
when I was head of the Department. 
One was the shift of nature study into 
the Department of Rural Education. 
This change was made in Mrs. Com- 
stock’s time and with her approval. 

The other transfer was due to change 
{ sourees of financial support. It in- 
volved vertebrate zoology. It was a 
double shift, first, into the Department 
of Entomology, and, some years later, 
ut again; the work in ornithology under 
Dr. Arthur A. Allen, and that in sys- 
tematie vertebrate zoology under Dr. 
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Albert H. Wright. These two are omit- 
ted from the shadowgraph because their 
work was in no part entomological. As 
head of the Department when they were 
in it, 1 want to say that I was very proud 
of the work done by these two colleagues 
and their helpers, both in teaching and 
in research. The temporary association 
was a happy one. 

There is no need that I should write 
of the work of my fellow-teachers who 
have come into the Department in my 
own time. That is recent history. With 
new men have come new courses of in- 
struction: medical entomology, aquicul- 
ture, insect ecology, insect embryology, 
ete. Increase of knowledge has brought 
specialization. The work in applied en- 
tomology has been greatly expanded, its 
tasks differentiated. There is not space 
to speak of the work in extension, or of 
the great changes in the field of economic 
entomology; of the new methods and 
shifts of emphasis accompanying better 
knowledge of insect physiology and new 
discoveries in insecticides. 

Among the things least changed by 
time is Comstock’s basie course in gen- 
eral entomology, which was taken over 
first by Professor G. W. Herrick, and, 
after his retirement, by Dr. Robert 
Matheson. Most worthy of preservation 
in the Department is the Comstock tra- 
dition of sincerity, reverence for truth, 
clean living, good fellowship, and human 
kindness, of work for the joy of the 
working, and for the spread of the re- 
sulting public benefits. 


So aT the end of this, my partly re- 
corded and partly remembered tale, it 
comes about that the story of the devel- 
opment of the first university Depart- 
ment of Entomology is also in brief the 
story of the life and times and teamwork 
of John Henry and Anna Botsford Com- 
stock, the like of which we shall not see 
again. 





NATURALISTS FOR THE FOREIGN SERVICE 


By KARL PATTERSON SCHMIDT 


CHICAGO NATURAL 


a some- 
inter- 


THE TERM naturalist covers 
what vague category of 


ested in the natural sciences, either as 


persons 


amateurs or professionals, but in either 
case with the implication of a breadth of 
outlook that removes them from the more 
precisely definable botanists, zoologists, 
and geologists. My own definition of a 
naturalist as being a biologist who has 
traveled will not bear much inspection. 
It may be agreed, however, that natural- 
ists are those persons who take a keen 
delight in their natural surroundings, 
and that at best they may combine the 
objectivity of the scientist with the sub- 
jective warmth of the artist. Difficult 
though they be to define, naturalists are 
well-known among us, and seem to have 
some capacity for self-preservation and 
for the propagation of their kind. Nat- 
uralists are not always appreciated by 
the general public, though they make the 
best of teachers, and, when their natural 
history is an avocation, may include rep- 
resentatives of such respected professions 
as banking, the law, ‘‘the cloth,’’ or 
engineering. 

The fundamental generic quality of a 
capacity for active interest in a particu- 
lar environment, has suggested to me a 
distinctive for naturalists. From 
intimate and long-continued personal ob- 
servation of the United States Foreign 
envisage the possibility of 


use 


Service, | 
bringing together in the public interest 
an important demand and need for per- 
sonnel and an unrecognized source of 
supply. Realizing that the proposal is 
by no means a new one, I propose the 
wide use of naturalists in the field of 
foreign relations, and specifically in a 


much-needed expansion of the American 
foreign service at its several levels. 


HISTORY MUSEUM 

The inadequacy of our prewar foreign 
relations personnel has been pointedly 
established by the experiences of the 
second World War. In Peru I 
made a thousand-mile journey to reach 
the nearest consulate, and in 1929 there 
was no official representative of the 
United States between the Fiji Islands 
and Java. In non-European and in 
many small countries we have for the 
most part been represented only at the 


once 


capital city. 

It therefore requires no great perspi- 
eacity to predict that the foreign repre- 
sentation of the United States, in diplo- 
matie and consular posts, will require 
very great expansion in the postwar era 
now facing us with its problems. It is 
commonplace to predict greatly increased 
and world-wide air travel. On the 
ground, the highway from Alaska 
Tierra del Fuego is approaching comple- 
tion. Even New Guinea, the last great 
reservoir of the unknown, has suddenly 
become The extent of the 
expansion required may at present only 
be guessed at. At a venture, from a 
glance at the map, I should recommend 
a fivefold increase in the number of our 
foreign posts and a tenfold increase in 
personnel as a minimum, if we are to 
establish real contact with other 
nations and other peoples. 

If there is to be any expansion at all, 
an immediate problem arises, for the 
State Department is already faced with 
difficulties in staffing its more remote 
posts; and new consulates must be estab- 
lished in still more remote regions. At 
best the average American citizen does 
not take kindly to foreign service, and 
is likely to find himself bored, finally 
beyond the limits of his endurance, in a 


accessible. 


some 
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tropical locality, or in any locality lack- 
ing his standards of civilization. 

There are good reasons enough for dis- 
liking many a tropical situation. Mo- 
notonous heat and glaring sunshine, too 
frequent rains, continued cloudy weather, 
or too much wind may set the stage with 
a climate intrinsically difficult for per- 
sons adjusted to the Temperate Zone. 
Insect pests in unfamiliar variety and in 
pervasive hords may be present. The 
disagreeable features of a human en- 
vironment often dirty, not without 
danger from unfamiliar diseases, and 
usually correspondingly and exasperat- 
ingly inefficient, added to an unfavorable 
climate, may readily come to dominate 
one’s whole attitude unless there is a 
counterbalancing interest in something 
in the country itself, something that is 
to be found nowhere else. 

Every kind of foreign service would 
profit if we had the means of filling the 
more out-of-the-way stations with per- 
sons who, far from being bored in them, 
would regard the opportunity to live in 
such places as a privilege. On the aver- 
ave, at least, naturalists as a class present 
precisely this characteristic. Boredom 
is so impossible to the naturalist that it 
seems a cardinal sin. Everything differ- 
ent from his environment at home offers 
him something to study. The very 
weather is a natural interest. An at- 
tempt to understand the physiography 
of his area may lead him on one hand 
into geological studies, and on the other 
into the inexhaustible problems of the 
distribution of plants and animals. We 
think of our world as geographically 
explored; but its exploration for the 
smaller animals, for the limits of distri- 
bution of both animals and plants, and 
especially for the understanding of those 
limits, is only just getting under way. 
To a naturalist it seems evident that the 
employment of trained or self-trained 
naturalists in all faraway consular posi- 
tions would thus contribute to the solu- 


tion of a variety of scientific problems, 
and would at the same time solve the fun- 
damental personnel problem of foreign 


service. 

At a fairly simple level, our naturalist 
in a foreign post need be no more than a 
collector, learning to collect effectively as 
he corresponds with the museums or with 
the specialists to whom he sends his col- 
lections. Collecting plants and animals 
may, of course, become one of the most 
exciting of occupations, involving all of 
the elements of hunting for sport, with 
far more significant and permanent re- 
wards. It is grand and romantic to 
search for the fossil remains of the ani- 
mals of past ages, or to collect a series of 
beetles that prove to represent a “‘new 
species,’’ or to contribute specimens val- 
uable in the attack on important biologi- 
eal problems. A dozen museums would 
be delighted to correspond with such 
amateur collectors at tropical stations, 
and amateur collectors frequently de- 
velop into first-rate naturalists. 

My suggestion really aims much 
higher. We should send trained scien- 
tists to become naturalists in these for- 
eign stations. Young people already 
trained in one or more of the biological, 
geological, geographical, or anthropologi- 
eal sciences, and already filled with the 
determination to devote their lives to 
these sciences, are available in the gradu- 
ate departments of almost every univer- 
sity in the country. There is no reason- 
able doubt that young men and women 
of this type could fulfill the normal 
duties of a consular office with distine- 
tion. A university group especially 
suitable for the foreign service is pre- 
sented by the graduate students of geog- 
raphy. Within my own generation, the 
appreciation of human geography as an 
adult interest has led to the establish- 
ment of a flourishing department of ge- 
ography at nearly every large university. 

There is a considerable tradition for 
the pursuit of scientific interests in con- 
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junction with foreign service. Now, on 
the threshhold of an age in which our 
lives are to be dominated by science as 
never before, such association gains 
vastly in importance. It may, indeed, 
be brought into relation with any pro- 
gram for the fostering of scientific re- 
search under government auspices. 

My own experience points to a factor 
of vital importance to the success of our 
foreign representatives. Anyone who 
positively dislikes the foreign environ- 
ment in which he is placed cannot well 
establish friendly relations with the 
people among whom he finds himself, 
and he is not likely to make the effort 
even to learn their language. With 
respect to the language, the naturalist is 
vitally concerned with learning it as a 
tool for the pursuit of his scientific 
studies. It has been my own familiar 
experience in Latin America to find that 
however bad one’s Spanish, the attempt 


to speak it is seized upon as evidence of 
sympathy and of interest in the country 


itself. The naturalist who expresses 
specific curiosity about anything native 
to the country in which he travels finds 
his interest regarded by the residents as 
a profound compliment. His activities, 
in fact, afford a continuing avenue of 
contact with the foreign society in which 
he is located, extending from the urchins 
who bring him specimens at a centavo 
each to the most cultured persons en- 
countered. I hesitate to affirm, but I 
have often suspected, that naturalists 
bear a better reputation abroad than at 
home in our United States. 

To make my proposal concrete, it may 
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be pointed out that the salary of a for 
eign service employee begins at $2,500 
per annum, with certain other allowances 
at the more distant stations, and with 
transportation for himself and family. 
After a minimum stay of two years, his 
return expenses, including those of his 
family, are allowed. Training in spe- 
cifically foreign service duties is given in 
a special training period, with pay. Let 
us suggest a three-year contract. At its 
termination the State Department could 
offer further opportunities to a staff 
member with considerable experience 
and good educational background. If 
the young man should decide against 
further foreign service, he can return to 
his graduate work in a university with 
a rich addition to his real education, and 
in many cases with the material for a 
thesis of genuine value. Above all, in 
the teaching career to which he may turn 
for his further livelihood, his foreign 
experience will command prestige and 
vive him an invaluable contact with his 
students. 

I believe that a cooperative arrange- 
ment between the graduate schools of the 
universities of the country and the State 
Department, for the supply of staff to 
foreign posts, would redound to the 
eredit of both, and prove profoundly 
beneficial to the nation. Such an ar- 
rangement might be coordinated by the 
National Research Council. The pos 
sibilities of benefit both to the foreign 
service and to science and scientific edu- 
cation should receive consideration in 
government plans for aid to the scientific 
activities of the nation. 
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By BANCROFT H. BROWN 


PROFESSOR OF MATHEMATICS, DARTMOUTH COLLEGE 


IN ATHLETIC contests, the word ‘‘team”’ 
is used in two different senses. In the 
first sense, team is a group of associates 
who subordinate personal prominence to 
the efficiency of the whole; a football 
team is an example. In the second sense 
—and a track team is an example— 
team is a group of individuals, each of 
whom has his specialty, which he per- 
forms to the best of his ability, with 
essentially no help from his teammates. 

For teams in the first sense, either 
comparative scores or absolute scores are 
practically meaningless. Varying excel- 
lencies in different departments of play 
make it a eommon thing for team A to 
beat team B, B to beat C, and C to beat 
A. Further, the subordination of per- 
sonal prominence must be so complete 
that an individual must, for the sake of 
his team, be ready to perform in a man- 
ner inferior to the best he ean do. Ex- 
amples are the intentional base on balls 
in baseball, and the intentional safety in 
football. We econelude that in football, 
baseball, lacrosse, hockey, basketball, soc- 
cer, and polo the scoring systems involve 
little that is worthy of scientific study. 
And we note explicitly two paradoxes: 

The Ring-Paradox. This consists in 
A beating B, B beating C, and C beat- 
ing A, 

The Control-Paradox. This consists 
in an inferior performance by which 
defeat is turned into victory. 

As examples of teams in the second 

have track, cross-country, 
swimming, boxing, tennis, golf, gym- 
nasties, feneing, wrestling, rifle, winter 
sports, and the like. In many of the 
events which occur in these sports, the 
whole idea is to get somewhere first, or to 
throw something farthest. The situation 


sense, 


we 


« 


me 


is more complicated in boxing, wrestling, 
tennis, the fancy dive, fencing, and form 
in ski Jumping, but that need not con- 
cern us here. It is true that in running 
a race one may be bothered by his op- 
ponents, or helped by a teammate, but 
this influence is on the whole small, and 
in a study of scoring systems may be 
disregarded. Further, to simplify the 
situation, we omit entirely the human 
element. In this discussion, our runners 
must always run a race in the same time; 
our jumpers must always jump the same 
distance. All contestants are reduced to 
automatons who always give their best 
performance, and this best performance 
is a constant, unless—and this will prob- 
ably seem unlikely to the reader—the 


eontrol-paradox occurs in the scoring 
systems, and our contestants take ad- 


vantage of it. 

Now when 
teams run a mile race, it is easy to deter- 
mine the winner. He is the man who 
finishes first. In a javelin throw, it is 
the man who throws the javelin the far- 
thest. But when we come to combine 
a mile race with a javelin throw, we in- 
Shall we merely 


representatives of two 


troduce complications. 
score the winners (as the British do)? 
Or shall we thirds 
(as is common in the United States), 
and, if so, how much? Shall a superla- 
tive throw of the javelin count a little 
more than a narrow victory in a rather 


count seconds and 


mediocre mile? 

We must have definitions. 
erally we may say: 

A team consists of individuals, whose 


Quite gen- 


individual performances contribute to a 
common score, with the purpose of es- 
tablishing the superiority of 
their team over one or more other teams. 


general 


> 
> 
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An event is an athletic contest in 
which one or more individuals from two 
or more teams participate. 

A meet is a group of events. Its pur- 
pose is to determine the order of general 
excellence of the teams involved. 

A scoring system is the technical de- 
vice by which this order of general ex- 


cellenece is established. It is assumed to 


be impartial, and adapted to the pecu- 
liarities of the events which it measures. 
The independent variables of a scoring 
system are the times, distances, orders, 


ete., of the individuals in an _ event. 
Using these variables directly, or others 
dependent on them, the system assigns 
event-numbers to each team in each 
event. It is assumed that the event- 
numbers monotonically increase or de- 
erease with team excellence in that 
event. It is assumed that if ‘‘increase’’ 
is the pattern in one event, it is the pat- 
tern in all events. It is finally assumed 
that the event-numbers for a team are 
merely added together to give a meet- 
number. Order of excellence is estab- 
lished by the order of the meet-numbers. 

The essence of a scoring system is the 
method of assignment of the event-num- 
bers. These methods may differ radi- 
cally in the orders of excellence which 
they establish. Suppose 2 golfers A and 
B play 3 holes, and suppose their scores 


are : 


In the scoring system called medal play, 
these numbers are themselves the event- 
numbers, and B beats A 12 to 13. In 
the scoring system ealled match play, 
the significant thing is winning the 
event, and for this the event-number unity 
is given; hence the event-numbers are: 

A 0 ] 

B 1 0 0 


and A beats B by a seore of 2 to 1 (tech- 
nically one-up). On the evidence fur- 
nished, B is better than A at medal play; 
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A is better than B at match play; and 
the question as to who is the better 
golfer, being undefined, is still un- 
answered, 

The reader will note a close analogy 
between this and the election of a Presi- 
dent of the United States. The Elee- 
toral College (match play) yields a re- 
sult which may be quite different from 
the popular vote (medal play). 

But note that match play involves the 
ring-paradox, whereas medal play does 
not. A single example suffices to show 
this. Suppose 3 golfers play 3 holes— 
remember they are automatons—and A 
has scores of 7, 3, and 4; B scores of 
2, 4, and 6; and C scores of 3, 5, and 2. 
Then, in dual match play we have these 
results (the winning score is italicized) : 

A 7 3 4 B 2@ 4 6 A 7 8 4 

B 2@ 4 6 Oo 8 5° 2 C 3 5 
Thus match play can produce the ring- 
paradox; and obviously medal play 
never can. But, in my judgment, this 
is no valid reason for saying that there- 
fore medal play should be preferred. 

The ring-paradox is, in fact, inher- 
ent in many more systems than is gen- 
erally supposed. Consider a cross-coun- 
try triple meet (actually a meet of 1 
event) in which 5 representatives of 
each of 3 teams compete. The only 
thing that matters is the order of the 
finish. The winner is assigned the num- 
ber 1, the next man the number 2, and 
so on. The numbers of the individuals 
on a team are added for a team score, 
and low team score wins. Suppose the 
order of the finish is: 

A B 


40 4] 


We ean 
team A 


now say that in a triple meet, 


is best. But it by no means 
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llows that we can draw any conclu- can now verify that the ring-paradox is 
sions as to what will happen in dual inherent in the following: track, cross- 

ets. A glance at the numbers shows country, swimming, gymnastics (Amer- 
hat in a dual meet between A and B, ican rules), winter sports, boxing, tennis, 
A will take the first 3 places, B the next fencing, wrestling, and match play at 
5, and A ninth and tenth. The results golf. The ring-paradox can never oceur 
of 3 dual meets are: in rifle, bowling, gymnastics (Canadian 
B C A rules), medal play at golf, the pen- 


> 4 


A B 
Se ee tathlon, and deeathlon. 


9 ° . . 
: yr ° Can seoring systems be devised which 
ov 


would eliminate the ring-paradox? It is 


6 9 ( easily demonstrable that to do this the 


10 8 system must produce an absolute rating 


S(A) for each team in each event: that 
is, S(A, B) =S(A)-S(B). An abso- 


an excellent example of the ring-para-  |yte ratine in boxing. tennis. fencing, or 


30 29 26 


lox. wrestling is absurd. An absolute rating 
The question of which scoring systems jy, golf simply means that you diseard 
involve the ring-paradox and which do »ateh play for medal play; and in gym- 
‘t can be completely answered after an pinta ¢ aii eis ado} ‘5. 
analysis of the following ring-parados, jadian rules. In track, cross-country, 
the simplest that exists. Three teams .wimmine. and winter sports, absolute 
onsist of a single individual each, and  patinos are possible, but in my judg- 
hey compete in 3 events. In event (1) ment are highly undesirable. In a track 
A always wins, then B, then C. Inevent  jyeet it would require the determination 
2) the order is B, C, A; in event (3) of the time of every runner by electrical 
order is C, A, B. Now consider these devices at least to the nearest .01 second. 
3 dual meets, in which winner scores 1 [t would mean an appalling amount of 
oint in an event: mathematical computation. The winner 
of a close race would not be sufficiently 
rewarded. And most unreasonable and 
intolerable is the fact that team B might 
win 14 first places and 15 second places 
in 15 events, and yet be beaten by the 
/ 5 superlative effort of one individual on 
his gives us the clue. In (1), Aisone team A, performing in only 1 event. 
tter than B, B is one better than C; The ring-paradox is much easier to 
A is only one better than C. Some- endure than these absurdities. 
w, the scoring system should make <A The control-paradox is not as common 
wo better than C. More generally, it as the ring-paradox. Its actual oceur- 
an be demonstrated very easily that if yenee in the sports listed requires (a 
» symbol S(A, B) means the amount two mutuallv antavonistie svstems 
‘Which A’s event-number exceeds B’s wisely interlaced, or (b) a single 
vent-number, the necessary and suffi- jeal system. Several examples 
client condition that a scoring system are lentes to exist: they saint 
void the ring-paradox is that the fol- jne than harmful. I know of 
wing functional equation hold: example of (b), a method 
S(A, B) +S8(B, C) =S(A, C) ing the slalom in skiing. 


he reader familiar with scoring rules As an example of control-paradox, 
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variety (a), consider a ‘‘meet’’ which 
consists of a triple track meet with its 
15 events in which first, second, and 
third count as usual, 5, 3, and 1; and in 
addition a sixteenth event, a cross-coun- 
try run, in which the winning team is 
determined in the usual way, and then 
5, 3, and 1 points are arbitrarily assigned 
as event-numbers. The cross-country 
‘ace is held last. Prior to its running, 
the scores are: 

A B Cc 

48 45 42 
In the cross-country race, the sixteenth 
event, the order of finish is: 

A C 


— 
12 
13 
14 
15 


63 28 


Whereupon team B is awarded 5 points; 
C,3;and A,1. These added to the totals 
above give B, 50; A, 49; and C, 45. 

But suppose the A-man who finished 
ninth, had sat down on the grass, and 
waited for the two C-men, whom he could 
have beaten, to finish ahead of him; and 
then casually strolled across the finish 
line. We should then have: 


A 
11 


13 
14 
15 
65 28 27 


By this maneuver, team C, which was 
not the dangerous competitor, is handed 
the victory, and gets 5 points, B gets 3, 
and A is no worse off with 1. The final 


score is: 


Thus by performing as badly as 
humanly possible, team A was able 
turn defeat into victory. The ability 
‘‘control’’ the scores of adversaries 
widely prevalent in triple meets, but 
general a team which exercises this con- 
trol loses more than it gains. This ex- 
ample is an unusual exception. 

A scoring system, widely used in win- 
ter sports in the slalom, downhill, o1 
Langlauf, inherently contains the con 
trol-paradox, variety (b), even in a dua! 
meet. In this system, the winner (the 
man with the least time) is given 100 
points. Every other competitor is given 
a fraction of 100 points, the numerator 
of the fraction being the winner’s time, 
and the denominator, his own time. Now 
consider this situation for two 4-men 
teams : 


Team A: Time Points Team B: Time Points 


79 100.00 98.75 
81 97.53 3 60.77 
82 96.34 3] 
83 95.18 y ¢ 
389.05 279.68 
The totals (or, in practice, one-quarter 
of the totals, which does not affect the 
situation) are defined as the event-num 
bers, and A is ahead by 109.37 points 
But suppose the winning A-man_ had 
slowed down to 80 seconds. The score 
would then be: 
Time Points 


Points TeamB: 


Team A: Time 


100.00 
61.54 
61.07 
60.61 


80 100.00 80 
81 98.77 
82 97.56 
83 96.39 


392.72 283.22 
Team A is now ahead by 109.50 points. 
Thus if the winning A-man is willing to 
give up his personal victory, and accept 
a tie for first place, he ean thereby 
strengthen his team’s score, and in a 
close meet turn defeat into victory. 
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But although the paradox exists when- 
ever one team is sufficiently superior to 
the other, it does not seem to be of much 
practical importanee. In fact, when a 
winter sports meet involves 10 or 12 
teams, the extraordinary amount of eal- 
eylation involved in this method seems 
at least to one who has often assisted 
in scoring) a more valid objection than 
the hazard of the control-paradox. 

In conelusion, in judging any scoring 
system, or in formulating any new one, 
the first question to ask is: How many 
men do you want to have contribute 
scores in any event? Meets in boxing, 
tennis, feneing, wrestling, and golf 
usually consist of several 2-man events, 
and the winner alone contributes to the 
score; 1 point for the winner and 0 for 
the loser seems to be about as good a 
solution as any. In track, the British 
answer is 1, the winner. The American 
answer is 3 (or even 5 in a multiple- 
meet), and the desire for ‘‘balanced”’ 
teams has led to an increase in the value 
of seconds and thirds. Formerly, the 
system 5-2-1 was used; now it is gen- 
erally 5-3-1, and in multiple-meets, 
54-3-2-1. In swimming and gymnas- 
tics, 3 places count in this country. 
There seems to be no valid reason for 
changing any of these systems. 

In cross-country, the answer is differ- 
ent, as 5 men on each team are to con- 
tribute to the score. The emphasis here 
is on team balance. In a multiple-meet 
of 15 or 20 teams, it is not unreasonable 
for no member of the winning team to 
finish among the first 10. Again, it is 
perfectly possible for a team to have 4 
men finish first, second, third, and fourth, 
and vet lose the meet through the indif- 
ferent performance of the fifth member. 
These facts are well-recognized, and are 


not considered undesirable. Further, a 
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cross-country meet is unique in that it 
is a meet with only one event, and there- 
fore it is reasonable to keep the scoring 
system which is now used. 

American winter sports meets consti- 
tute the real exception. In each event, 
4 men on each team are to contribute to 
the score. No other sport has ever put 
such emphasis on team and balance, and, 
in consequence, no other sport has ever 
faced such difficuities in formulating a 
seoring system. There is no need for 
reviewing all the systems which have 
been tried. They are all complicated, as 
indeed they always must be. A good 
scoring system should be capable of easy 
explanation to the judges, contestants, 
newspaper reporters, and general public. 
l~ is desirable to have a system which 
can be kept up to date as a meet pro- 
gresses, and which will yield the final 
results soon after the end of the meet. 
But when 3 competent scorers, all pro- 
fessional scientists, equipped with slide 
rules and electric computing machines, 
require 4 to 6 hours to determine the 
winner, I would venture the categorical 
statement that the scoring system is a 
bad one. Further, if the performances 
of 4 men on each team are to be consid- 
ered significant, I know of no system 
which could prevent this situation ; team 
A finishes first, second, and third in 
every event, and also finishes fourth in 
every event but one, and yet loses the 
meet. These difficulties are very real, 
and they greatly outweigh the minor 
abnormalities of the ring-paradox and 
the control-paradox. The proponents of 
winter sports believe 4-man teams in 
each event are desirable, and they have 
rood arguments for their position. But 
they must always pay a high price in the 
complex and undesirable features of any 
possible scoring system. 
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SOCIAL PARASITES AMONG BIRDS 


By ALDEN H. MILLER 


MUSEUM OF VERTEBRATE ZOOLOGY, BERKELEY, CALIFORNIA 


THE WAys of a parasite are opprobri- 
ous to men, who subconsciously judge 
them by their own code of ethics. We 
are pervaded with a sense of fair play 
and by democratic ideas of equality of 
opportunity to such a degree that the 
animal parasite, as indeed the predator, 
tends to assume a sinister aspect. No 
technical biologist will admit anthropo- 
morphie bias in interpreting the actions 
of animals; but, as rigidly mechanistic 
as he may be in his explanation of their 
behavior, we note his interest is often 
piqued by a situation which by human 
standards is irregular or insidious. 

In the unmoral animal world, success 
rather than virtue is the keynote, success 
in maintaining life and in reproducing. 
Any means to these ends is biologically 
acceptable if it works. Parasites dis- 
play remarkably neat methods of attain- 
ing their objectives, methods quite as 
elaborate as those of free-living animals. 
But a parasite makes sacrifices in becom- 
ing dependent on another species. It 
narrows its own evolutionary possibili- 
ties and limits its expansion in numbers. 
It casts its fate with its host and it can- 
not overuse its ‘‘meal ticket.’’ The 
host’s welfare as a species is of especial 
importance to the parasite, and it is 
usually regarded as axiomatic that the 
most successful parasites are those that 
do not cause the early death of their 
hosts. 

Parasitism as an animal industry has 
offered many openings—opportunities 
for developing the art in diverse ways. 
Like any unoceupied eeologie niche or 
industry, it becomes filled by progressive 
modification of pre-existing free-living 


animals. Similar kinds of parasitism 


have evolved independently a number of 
times, each arriving at a similar end 
state by different routes and from dif- 
ferent starting points. Such has been 
true of social parasitism among birds. 
Social parasitism is in some respects 
a poor term for what I describe, but it 
is now well-accepted English usage. It 
refers to the parasitism of the nest of 
one species by birds of another species, 
and the consequent dependence on the 
host to incubate the parasite’s eggs, and 
to raise and protect its young. Strictly 
speaking, this is not parasitism of the 
society of which an individual is a mem- 
because it is not an intraspecific 
Only in the sense that many bird 


ber 
affair. 


species are conceived as forming one 
ecologie society is the term justifiable. 
The German term Brutparasitismus is, 
on the other hand, entirely accurate. 
The fact that the European cuckoo 
is parasitic was known in Aristotle’s 
precise information 


day, but lack of 
about its activities prevailed until two 
decades ago, in spite of the great fame 
this bird gained from its unusual repro 
ductive methods. Misconceptions are evi- 
dent in the meaning of the word ‘‘euck- 
old,’’ based on the cuckoo’s supposed 
habits. The implication in this word is 
that the female cuckoo is unfaithful to 
her mate. There is not much good evi- 
dence to show that she is; she merely 
passes off on someone else her domestic 
duties of raising young, while she spends 
her time in the job of finding the nests 
of victims. Some modern society women 
do much the same thing with their own 
children. In fact, the term social para- 
site might more correctly be applied to 
them, for such women are parasitizing 

















their own society, their own species—but 
this observation may have theromorphic 


, 
plas. 


Not until the early nineteenth century 
was it discovered that some birds other 
than cuckoos are parasitic, and only in 
the past few decades have several more 
rroups been added to this category. We 
now know of parasitism in five separate 
families of birds, belonging to four dis- 
tinct and not closely related orders. Ob- 
viously it is an independent development 
in each group, stemming from ancestors 
that had normal nesting and brooding 
habits. The groups are: the cuckoos of 
the Old World (not the North American 
cuckoos); the honey guides of Africa; 
the cowbirds of North and South Amer- 
ica; the weaver finches of Africa; and 
the ducks (the Argentine black-headed 
duck only). 

To understand the origin of parasitism 
we must review a few elements of normal 
breeding behavior. 

(1) In a great many birds, as the 
nesting season approaches, interest is 
taken in a particular area in which the 
nest later will be built. This area, or 
focal points in it, is defended, especially 
by the male, against others of the same 
species. It is called specifically the 
‘‘territory’’ and it serves variously, ac- 
cording to the species, one or all of the 
following functions: protects the mate 
and isolates the pair, thus preserving the 
bond between the members of the pair 
and in general promoting monogamy ; 
protects the nest from molestation; as- 
sures a food supply—an adequate source 
area for food—for the raising of young. 

(2) Either before or after establish- 
ment of territory by the male, pair for- 
mation takes place in monogamous spe- 
cies. Nuptial display, common interest 
in a territory, courtship feeding, and 
nest-building may serve to strengthen 
this bond, which usually is held in force 
for the period in which a brood of young 
is being raised. The sexes seem to be 
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recognized initially either by character- 
istic marking or by behavior, but recog- 
nition of the mate soon becomes a matter 
of individual recognition, of which birds 
are fully capable. 

(3) Nest construction takes place 
after pairing, usually long atter terri- 
tory is established, although in some 
species the establishment of territory 
may follow upon selection of the nest 
site and consist of an expansion of the 
sphere of protection centering at the site. 
Nest construction may be engaged in by 
both male and female or by the female 
alone. It stimulates sexual activity, and 
parts of the building activity may be 
taken over as an element of courtship 
display, thus at times contributing not 
at all to construction of the nest. The 
architecture of the nest is usually char- 
acteristic for the species. In its broad 
aspects, and even in many details, it is 
hereditarily determined, as are most 
actions of birds. 

(4) Ovulation, or laying, is not purely 
a culmination of a seasonal reproductive 
cycle set in motion by the endocrine sys- 
tem, in timing with daylight or other 
external cyeles, but is further dependent 
in most species on the stimulus of court- 
ship, nest construction, sight of and feel 
of the nest, and immediate conditions of 
food and weather. 

(5) Onee the eggs are iaid, the chain 
of subsequent activity, of brooding, of 
feeding young, and of protecting them, 
follows, governed by internal events in 
the endocrine system and by later ex- 
ternal stimuli, such as the hatching of 
eges and the begging of young. ‘The 
male responds to these situations as a 
result of external stimuli; vet in some 
species his activity in brooding and in 
raising the young may be even more 
intense than that of the female. 

By its brevity the foregoing sketch 
does violence to many special fields of 
behavior study, and would require much 
elaboration and some qualification for 
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any particular species. However, it may 
be thought of as applying fairly well to 
most small songbirds and to the ancestral 
types in several groups that have evolved 
parasitism. 

Steps in the modification of instincts 
in the cowbirds fortunately can be traced 
in part through two South American spe- 
cies (Friedmann, The Cowbirds, 1929), 
one of which verges on parasitism yet 
still raises its own young. The other has 
an imperfect parasitic procedure, prob- 
ably but recently evolved. The first of 
these is the bay-winged cowbird (Molo- 
thrus badius), of Argentina. It pairs 
up in the spring and is strictly monog- 
amous, each pair sorting out of the win- 
ter flocks and going its own way. But 
instead of establishing territories before, 
or even following, pairing the pair wan- 
ders about looking for old or empty nests 
of other species. Often they fight with 


the rightful owners and usually are sue- 


cessful in ousting them. They even 
throw out the eggs and young from occu- 
pied nests. Having thus taken posses- 
sion of either an old or an occupied nest, 
they lay their own eggs, incubate them, 
and raise their young. After acquiring 
a nest, they establish a territory radially 
around it and proceed to renovate the 
nest, sometimes adding significantly to it. 
Indeed occasionally they build their own 
nests and do quite well. Thus they have 
not lost the instinct to construct. It 
should be pointed out that the family to 
which the eowbirds belong is noted for 
its elaborate, well-built nest structures 
(the New World orioles are members of 
this group). 

The significant departure from the 
norm in this species seems to be an upset 
in timing, that is, an aroused interest in 
nest structure before a home territory 
is established. There is overconcern for 
nest structures per se and special suscep- 
tibility to the stimulus of the sight of a 
nest of whatever kind. Territorial in- 
stincts are not only late in manifestation 
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but are in general not strong. One fur. 
ther point to be noted is the weakness of 
the brooding and feeding instincts of the 
females; the male does the major share 
of the work at the nest. 

The screaming cowbird (Molothrus 
rufo-ardlaris), of the same geographic 
area, is closely related to the bay-wing, 
and, according to Friedmann, principal 
student of these birds, has certainly 
been evolved from it. Sereaming cow- 
birds are monogamous, and may even re- 
main in pairs throughout the year. 
They establish territories but defend 
them very weakly, often tolerate other 
pairs, and may shift about from one 
place to another during the early part 
of the spring season. Egg-laying is long 
delayed ; and, when it does finally occur, 
the only nesting activity of other species 
still in progress is that of their relatives, 
the bay-wings. They then lay in the 
bay-wings’ nests, parasitizing this spe 
cies solely. 

‘*Assuming that in most ways the 
original habits of the screaming cowbird 
were similar to those of the bay-wing, 
we would expect that the birds tried to 
[take over and] breed in nests of oven- 
birds, woodhewers, ete. .. but tried 
to do so early in the season. . . . The 
struggle for nests is much greater [then | 

than later on, and the sereaming 
eowbird, handicapped hereditarily by a 
weakened territorial instinct, probably 
could not succeed in this struggle. 
|The frequent desertion of territories by 
this species] indicates very strongly that 
the weakened territorial instinet of the 
male often is insufficient to maintain its 
influence long enough’’ for the egg-lay- 
ing of the female to follow in normal 
sequence. With no adequate defense of 
a stolen nest, the female laid in nests 
the pair attempted to acquire. As in the 
ancestral bay-wing, the female was weak 
in her brooding instincts, and now in 
this species the protecting and brooding 
instinets of the male also became weak- 
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ened and the bond between pair and nest 
broken. The eggs were then left to the 
foster parents, who, never having been 
driven away effectively, returned and 
raised the parasite and perhaps some of 
their own young. The screaming cow- 
bird was delayed until late in the spring 
because of the difficulty in getting at 
nests. At that time the nests most avail- 
able were those of the bay-wing, who was 
itself none too aggressive in defense of 
its nest. The screaming eowbird thus 
could most readily sueceed in parasitiz- 
ing this species and is now found to do 
so exclusively. 

In the North American cowbird (MMolo- 
thrus ater), as in several South Amer- 
ican species, parasitism is developed 
more perfectly. In these, territorialism 
has in effect disappeared. There is, to 
be sure, interest in or attachment to an 
area but no defense of it. When many 
cowbirds are present in a region, they 
are tolerant of one another. Also, they 
become promiscuous, or, more usually, 
polyandrous, for the males outnumber 
the females in these species. Further, 
they parasitize a wide range of species— 
kinds almost always somewhat smaller 
than themselves. There is no host spec- 
ificity, 

Thus, pair formation, territorialism, 
nest construction, brooding, and feeding 
instinets have all been lost. I think of 
a group of cowbirds that lived about a 
mesquite thicket where I camped one 
spring on the Tueson desert. <A single 
female was the center of the show. Six 
males were in constant attendance, 
squeaking, and ruffling their feathers in 
courtship anties; they were not effee- 
tively aggressive toward each other. As 
the female flew from one tree to another, 
the flock of attendants moved with her 
in close formation; they seemed to be 
mobbing the female, as crows would an 
wl. For the female this looked, anthro- 
omorphieally, to be a earefree, though 


heetie, existence. 


The devices of parasitism which in a 
sense replace the lost instincts are sev- 
eral. There seems no doubt that the 
female cowbird will be able to mate. The 
problems for the species now become: 
(1) finding nests in proper stage for 
parasitism ; (2) insuring that the host is 
not disadvantageously disturbed by the 
deposit of the foreign egg; (3) insurance 
that the young will be fledged by the 
foster parents in competition with their 
own young. Several adaptations claimed 
to be effective in accomplishing these 
ends have with recent, more precise ob- 
servation proved to be nonexistent. Only 
recently has the laying and egg-remov- 
ing action of the female cowbird been 
exactly recorded. 

The story runs as follows: The female 
takes a sharp interest in nest-building of 
other birds, and is stimulated by sight of 
this and perhaps by their courtship. On 
her beat, she finds numerous nests by ob- 
servation of building activity and by 
special search in the plant cover. Not 
only are these found, but also they are 
visited and inspected. When all this in- 
terest induces ovulation, she has a sup- 
ply of nests te use and is in touch with 
laying activity in them. She usually 
lays only after one egg of the host has 
been deposited. 

Until eight years ago there had been 
reported only one satisfactory observa- 
tion of a North American cowbird sit- 
ting on a nest, laying; cowbird eggs 
merely were known to appear in the 
nests of hosts. They were easily recog- 
nized by their characteristic markings. 
Patient work on the part of Hann (Wil- 
son Bulletin, 1937, 1941) gave the clue 
to the difficulty. The ecowbird lays ex- 
ceptionally early in the morning before 
the host lays for the day in question. 
Normally, host birds do not stay on the 
nest at night until the clutch is nearly or 
quite complete. The cowbird, then, gets 
to the nest before the owner. Hann re- 
ports it was usually impossible for him 
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to make out the form of the cowbird 
when it was quiet, in the dim light. But 
his photoflash records tell the story. 
This early visit produces a minimum of 
disturbance at the nest. The egg can be 
laid in thirty seconds, and the hosts may 
be unaware of the unhappy event. 

The practical difficulty of knowing in 
advance what nest the cowbird will visit 
can well be imagined. What nest shall 
the faithful ornithologist sit by in the 
dark before dawn? Some clues were 
found that aided materially. From 
study of the eggs in the nests of host 
species in a restricted area and with 
knowledge of the sequence of their ap- 
pearance, it could be established that a 
female cowbird laid onee a day, four or 
five days in succession; these groups of 
eggs, incidentally, correspond to the 
clutches of the same number laid by the 
nonparasitic bay-wing. If the observer 
has been as keen as the cowbird in find- 
nests, he will know which nests on 


ing 
the cowbird’s beat will be in a favorable 


stage for parasitism. Further, Hann 
found that the cowbird usually made a 
close inspection of the nest of the in- 
tended victim on the afternoon of the 
day before. This action, observable in 
broad daylight, if one is at the right 
place, serves as a guiding sign, although 
it is not infallible. 

Contrary to the belief held before 
Hann’s photographie work, the cowbird 
does not remove an egg of the host from 
the nest when she visits to lay. Instead 
she takes it on the afternoon before, or 
later in the morning of her laying. This 
sneak visit, of course, can be very rapid 
and again will not cause prolonged dis- 
turbance of the hosts. About 85 percent 
of the time this removal takes place. 
Accidentally, the remaining eggs of the 
host may be damaged by the claws of 
the cowbird as she settles in the unfa- 
miliar nest. 

An egg is removed only if two or more 
eggs of some sort are present in the nest 
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when the visit is made. This instines 
helps to insure that the cowbird will not 
remove her own egg; for, in an emer- 
gency, cowbirds may lay before any of 
the eges of the host have been deposited, 
Only rarely does the cowbird make a 
mistake and remove her own egg or that 
of another cowbird that might have 
found the same nest. The eges which 
are taken are speared with the bill and 
carried away to be eaten or crushed. 

Host reaction is a subject about which 
much more information is needed. Once 
the disturbance of the cowbird’s visit has 
passed, most hosts show little concern. 
We have some evidence that they are 
aware of the foreign egg, but seldom are 
they able to remove it; nor do they per- 
sist in efforts to do so, even though the 
egg may be twice the size of their own 
and strikingly different in _ pattern. 
Sometimes the host deserts the nest and 
starts afresh somewhere else. Certain 
species are much more readily disturbed 
than others, but qualitative data on 
desertion are sadly lacking. One reac- 
tion often seen in parasitized warblers 
is reconstruction of the nest, with a false 
bottom placed over the first set of eggs 
containing that of the cowbird. The 
warbler, of course, then lays another set. 

Young cowbirds hatch with the host 
young, call lustily for food, and get it. 
Young of some species, such as orioles 
and warblers, may fail in competition; 
those of others, such as song sparrows, 
receive enough food to develop normally. 
Though larger than its host nestmates 
(sometimes 50 percent or more), the 
young cowbird develops rapidly enough 
to be ready to leave the nest with its 
associates. Like them, it is fed for ten 
days to two weeks subsequently and then 
is independent. Since most small birds 
feed their young on insects, young cow- 
birds are likely to receive an adequate, 
nutritious diet, regardless of the specific 
menu of the host. Certainly they are 
not fastidious. 
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Overenthusiasm in the search for 
adaptive devices and the influence of 
knowledge about cuckoos have led to 
some false ideas concerning the cow- 
bird’s special abilities in parasitism. It 
has been claimed that its eggs are un- 
usually small, the better to resemble 
those of the hosts. In comparison with 
nonparasitie members of its family, the 
cowbird’s eggs are no smaller; they aver- 
age about 9 percent of the body weight. 
There is no inereased thickness of the 
eoe shell in adaptation to resisting 
breakage by the host during attempts at 
removal. The most persistent and fa- 
vored notion has been that the cowbird’s 
eve hatches before those of its host as 
a result of a shortening of the develop- 
mental period of the embryo. Again, 
the cowbird has speeded up the process 
not at all in comparison with its rela- 
tives, the American blackbirds. Its in- 
cubation period of eleven or twelve days 
is short, shorter than that of some of its 
hosts but identical with most of them. 
The cowbird’s ancestral stock possessed 
certain characteristics helpful in para- 
sitism, such as egg size and short in- 
cubation period. These properly are 
viewed as preadaptations. They seem 
not to have been enhanced in the slight- 
est since the birds became parasites. 
Young cowbirds display no antagonism 
toward their nestmates. They make no 
efforts to pick at them, throw them out 
of the nest, or sit upon them. We shall 
see how this contrasts with certain 
cuckoos. 

One study of the success of the North 
American cowbird has been pursued ex- 
tensively enough to yield a reliable pic- 
ture (Nice, Trans. Linnaean Soc. of New 
York, 1937). In the Middle West, song 
sparrows (Melospiza melodia) are fa- 
vored hosts. Figures for survival in 
about 100 nests show 32 percent of the 
cowbird eggs laid were hatched and the 
young fledged. This compares with 36 
percent, in general, for song sparrow 


eges in nonparasitized nests. The lesser 
figure for cowbirds may be attributed to 
occasional desertions by the song spar- 
rows as a result of the appearance of the 
ecowbird egg. Broods of song sparrows 
raised in nonparasitized nests averaged 
3.4 young per nest; in parasitized nests, 
2.4 young. Hence, each cowbird would 
seem to have been raised at the expense 
of one song sparrow. 

The European cuckoo (Cuculus can- 
orus) is more complicated in its devices 
for parasitism. Striking is its well-de- 
veloped, though not always perfect, host 
specificity. Different tribes, or gentes, 
exist within the species, even in the same 
area, each adherent to a different host 
species and each specialized in at least 
one respect for that one species. Thus 
in England there are cuckoos parasitic 
on meadow pipits, and others that are 
tree-pipit cuckoos, hedge-sparrow ecuck- 
oos, or pied-wagtail cuckoos. 

Much of the knowledge about these 
cuckoo tribes has been derived from close 
examination of the egg pattern. The 
situation is analogous to that in finger- 
prints. There is so much variability in 
spotting and coloration, but constancy 
in the product of one female, that indi- 
vidual identification often can be made, 
and the egg-laying history of particular 
birds ean be satisfactorily followed if 
one persistently searches out the nests of 
all conceivable hosts in a restricted area. 
But, in spite of the remarkably wide 
range of individual variability of egg 
pattern, there are common elements in 
the pattern of each tribe, or gens; and 
these mimic in some considerable mea- 


sure those of the host species of that 


gens. Often the mimiery is so exact 
that the euckoo egg can be distinguished 
on first inspection from those of the host 
only by the texture of the egg surface 
or by the thickness of the shell. 

Edgar Chance (The Cuckoo’s Secret, 
1922; The Truth about the Cuckoo, 
1940) deserves credit for establishing 
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many critical facts about cuckoos. He 
followed the activities of a single female 
euckoo for five seasons, finding her 
strictly limited to the meadow pipit 
(Anthus pratensis) as a host, except 
when he manipulated the supply of 
usable nests and was thus able rarely 
to force her to try other species. 

Such a cuckoo maintains a definite 
territory, driving off other females; and 
she seems, as far as is known, to have 
in attendance—a_ principal 
Main- 


one male 
spouse, if not an exclusive one. 
tenance of the egg mimicry of each tribe 
would require that the male be a member 
of the same tribe. We do not know how 
egg patterns in cuckoos are inherited, 
but it is highly probable that the pat- 
tern factors are transmitted both by 
male and female, not exclusively through 
the female in the Y chromosome peculiar 
to that sex. Under such conditions, the 
interest of the male in the same host as 


that concentrated upon by the female 


would be important. Definite pairing, 
within the gens, and territorial establish- 
ment in territories of the host species 
would tend to hold the gens intact and 
preserve the mimicry of the eggs in the 
tribe. Mimicry has been observed to 
break down in individual instances, we 
may suppose either because of cross-mat- 
ing between gentes or through failure of 
a female to find a nest of her normal host 
when she is ready to lay. Presumably, 
the more frequent elimination of these 
misfit eggs by the hosts supplies the 
selective pressure that maintains the 
mimicry. 

Territorialism in the cuckoo has yet 
another advantage. Only one cuckoo 
can be raised in a given nest, owing to 
the special reactions and requirements 
of the young. Hence, if two cuckoos lay 
in the same nest, one egg, or the young 
hatehed from it, is sure to fail. In the 
economy of the species it is disadvan- 
tageous for females of the same gens 
thus wastefully to duplicate effort. Ter- 
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ritorial antagonism insures that this wil) 
not take place. 

We may return for a moment to spec. 
ulate on how it happens that young 
cuckoos return to parasitize the host spe. 
cies by which they were raised, for they 
must usually do this or the entity of the 
gens would be lost. Possibly cuckoos of 
different gens respond differently to the 
eall notes, sight, and other actions of 
various potential hosts. That is, there 
may be some inherited recognition reac- 
tion peculiar to each gens. More likely, 
however, is the view that recognition of 
the host species is learned by each cuckoo 
in the long period when as a juvenile it 
is fed by that host. Attachments to ani- 
mate objects other than their own par- 
ents, which are formed early in their 
lives, have been repeatedly observed in 
captive young birds of species with nor- 
mal breeding behavior. It is to be ex- 
pected that the migrant yearling cuckoo 
returning to its home range would evince 
an interest in the actions of its foster 
parental species, respond to its notes, and 
follow the course of its nuptial and 
nesting procedure. The response to its 
cuckoo mate, on the other hand, would 
have to be purely a matter of instinct— 
an inherited affair. 

Mr. Chance devised a plan of study 
wherein he destroyed the nests of the 
host within the territory of the cuckoo 
on such a schedule that only one nest 
would be available in the proper condi- 
tion when the cuckoo was ready to lay 
Host specificity and territorialism made 
this feasible in the cuckoo, whereas it 
would not be so with North American 
cowbirds. By cultivating ard managing 
the nest supply, Chance was able to be at 
the nests when cuckoos laid and to take 
eritical motion pictures. 

The following are the events in his 
story: A female European cuckoo lays 
every other day in the afternoon. The 
appropriate nests are found by watching 
and are visited in advance of laying, 
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much as in ecowbirds. Before laying, the 
bird sits motionless on a lookout for an 
hour or two. This long period of wait- 
ing and attention to the intended nest is 
evidently the period when the egg is 
moving to the lower part of the oviduct; 
in fact, probably into the terminal cham- 
ber, the cloaea. She is then ready for a 
rapid and remarkable delivery. A few 
seconds before laying she glides down 
to the nest without wingbeats, in a pecu- 
liar, steady glide, suggesting that any 
undue exertion in the air might cause 
premature ejection. She alights on the 
nest and, because usually too large for it, 
crouches flat over it and drops or rolls 
the egg into the nest cup. In domed 
nests the cloacal area is merely pressed 
to the entrance, while the bird flutters 
and clings and the egg is projected in- 
ward. 

Two attributes of the egg doubtless 
are important in this connection. First, 
it is small for the size of the cuckoo. It 
is but 3 percent of the body weight, com- 
pared with a normal of 9 percent. The 
laying of a small egg should be easier 
to control and to accomplish rapidly. 
Seven or eight seconds is the minimum 
time taken. Second, the egg is thick- 
shelled so that it can withstand rough 
treatment in deposition. Both these fea- 
tures are otherwise important in mimicry 
and in withstanding host attacks. The 
thick shell may have been an attribute 
that appeared incidental to reduction in 
size. The runt eggs occasionally laid by 
other birds are usually thick-shelled. 
The shell glands are equipped to deposit 
a certain amount of shell; if, then, a 
small ovum is presented, these glands 
seem to overload it with shell. 

One of the most persistent myths about 
the European euckoo is that it lays its 
egg on the ground and then earries it in 
the bill or within the mouth and thus 
places it in the host’s nest. Several bits 
of cireumstantial evidence have contrib- 
uted to this untenable belief. A cuckoo 


takes an egg from the host’s nest 
arrives to lay, not before or after, as in 
the cowbird. While laying, it holds the 
host’s egg in its bill and, following lay- 
ing, it flies away conspicuously carrying 
the egg. The laying of its own egg is so 
rapid, and direct laying in domed nests 
seemed so unlikely, that lack of critical 
observation and the improbability of the 
true action maintained the erroneous be- 
lief. Chanee’s motion pictures of the 
behavior were decisive. 

An extraordinary behaviorism, which 
has been repeatedly verified, is the action 
of the young cuckoo in ejecting its nest- 
mates. Soon after hatching and while 
blind and largely naked, the young 
euckoo thrusts itself beneath any object 
it comes in contact with in the nest, bal- 
ances the object, young or egg, on its 
peculiarly flattened and depressed back, 
braces it with its stubby wings thrust 
backward and upward, and clambers 
with its load up the edge of the nest. 
At the rim it gives a sudden lurch and 
pitches its nestmate out. This instinct 
subsides after about four days, as found 
by testing older cuckoo nestlings. 

Expulsion of nest competitors as a re- 
finement in parasitism is doubtless espe- 


cially necessary in a bird the size of the 


euckoo. So large a bird could scarcely 
keep pace in development with the 
smaller host young. Aliso, if it is to 
grow adequately it must have the entire 
food ration which the small host species 
ean deliver. Ludicrous indeed is the 
feeding of the giant cuckoo when it has 
attained its full growth, is out of the 
nest, but is still dependent. Small war- 
blers which may be its foster parents have 
been seen sitting on its shoulders or 
clinging to its neck in order to reach its 
gaping mouth with the food. The hosts 
are occupied so long with raising the 
euckoo that there is no time for subse- 
quent nesting and, accordingly, they 
may raise none of their own young in 
that season. The parasite is here a 
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serious drain on the propagation of the 
host species. 

The American cuckoos afford some 
clues to the origin of parasitism. In the 
nonparasitic members of the cuculine 
order, one notes instances of weakness 
in nestbuilding instinects—the nests are 
poorly built almost to the point of inade- 
quacy. Irregularity in laying is another 
feature. Eggs are deposited at long and 
various intervals, as in the case of the 
California road-runner, where they may 
be laid in the nest after young from the 
first eggs have hatched and are half- 
crown. The timing of the series of re- 
productive instincts is thus poor. This 
leads to the occasional deposition of eggs 
in nests of other species of birds when 
their own nests have, through inade- 
quacy, become destroyed, or when eggs 
are produced after their own nests are 
erowded with young. One group of 
species, the Anis, have become communal 


in their nesting, several pairs building, 
tending, and laying in a single nest. The 
communal group as a unit is territorial, 
driving off foreign members of the species. 

There is ample background then for 
development of parasitism through en- 
forced scattering of eggs; such pro- 


cedure, if successful in yielding young 
ceuckoos, might comparatively soon be. 
come the normal pattern of action. Un- 
like the cowbirds, the breakdown of nor. 
mal behavior was not loss of territorial- 
ism but abandonment of eggs. This type 
of parasitic evolution has been termed 
egg parasitism to contrast with nest 
parasitism wherein the cowbirds, with 
diminished interest in territory, became 
overconcerned with nests and _ initially 
stole them for their own use. The end 
stages, as we have seen, have much in 
common, although they are not as similar 
in detail as was once supposed. 

Resort to parasitism under several sets 
of circumstances has not presented great 
evolutionary difficulties, although its ap- 
pearance seemingly has depended on the 
presence of some essential preadaptations 
that chanced to be available. Having 
once taken the decisive step and become 
dependent, the parasitic species may 
have added refinements, such as rapid 
delivery of eggs, killing of competing 
young, and mimicry of egg pattern. In 
these respects cuckoos are vastly greater 
specialists than cowbirds, but they prob- 
ably have been practicing parasitism for 
a much longer time. 
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THE DEVELOPMENT OF THE 
CONCEPT OF HEAT-—II* 


FROM THE FIRE PRINCIPLE OF HERACLITUS THROUGH 
THE CALORIC THEORY OF JOSEPH BLACK 


By MARTIN K. BARNETT 


Development of the Caloric Hypothe- 
sis. As a matter of fact, the caloric 
theory was scarcely in need of the sup- 
port coming to it by virtue of the popu- 
larity of Newton’s emission theory of 
radiation, for the hypothesis of an im- 
ponderable heat fluid was already prov- 
ing most fruitful in explaining ‘‘mixture 
experiments,’’ as well as the phenomena 
of liquefaction and vaporization. And 
if these investigations appear as over- 
whelmingly important not only for the 
heat coneept but for thermodynamics 
generally it is precisely because, in them, 
attention is concentrated on that par- 
ticular aspect of changes which we now 
characterize as ‘‘their initial and final 
states,’’ an attempt being made to define 
the imponderable heat fluid in such a 
manner that it will appear as quantita- 
tively conserved in the processes in 
question. 

‘‘Mixture experiments’’ were not new 
to the eighteenth century; indeed, Re- 
naldini (1694) had already employed 
mixtures of boiling and freezing water 
in varying proportions for the purpose of 
thermometer graduation. However, the 
mixture experiments of Fahrenheit, car- 
ried out at the request of Boerhaave 
(1732), were viewed from an entirely 
new standpoint: the thermometer scale 
was regarded as already given, the final 
reading of the thermometer being ‘inter- 
preted as indicative of the amounts of 
heat contributed to the mixture by the 
constituents. Fahrenheit found that two 


* Continued from page 172 of preceding issue. 
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equal volumes of water at different tem- 
peratures attain, on rapid mixing, a tem- 
perature which is the arithmetical mean 
of the two initial tenperatures,'' but that 
when equal volumes of water and mer- 
eury at different temperatures are mixed, 
the temperature of the mixture is higher 
or lower than the arithmetical mean, de- 
pending on whether water is the warmer 
or colder constituent. Only when two 
volumes of water were mixed with three 
of mercury was the final temperature 
found to be the arithmetical mean of the 
initial temperatures. 

The standpoint which Boerhaave as- 
sumes in attempting to explain Fahren- 
heit’s experiments is typical of the fluid 
theory adherents. He regards, as a fun- 
damental axiom, the proposition that 
there exists an imponderable, indestruc- 
tible fluid which, in the mixture experi- 
ments, merely suffers redistribution. 
The fundamental question then becomes: 
How was this fluid distributed between 
the different before mixing? 
From the viewpoint of historical eriti- 
cism, Boerhaave’s fundamental question 
is seen to amount to just this: How may 
the imponderable fluid be defined so as 


bodies 


11 Strictly speaking, if the final temperature 
is the arithmetical mean of the initial tempera- 
tures when one thermometer is employed, it will 
not be so when another thermometer, employing 
a different thermometrie substance, is used in- 
stead, unless the expansion of the first thermo- 
metric substance is proportional to that of the 
second. The appreciation of this fact had to 
await the exhaustive investigation of thermo- 
metric scales by Dulong and Petit (1817). 
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to satisfy the axiomatic requirement of 
conservation ? 

Fahrenheit’s experiments revealed one 
weight of water to have the same heating 
effect, per degree change of temperature, 
as twenty weights of mercury.  A\l- 
though his experiments had, at the 
same time, revealed that two volumes of 
water are equivalent to three volumes of 
mercury, Boerhaave, no doubt preferring 
to attribute to experimental error the 
deviation of three-halves from unity 
rather than that of twenty, sees fit to 
state that heat is probably distributed 
between bodies at the same temperature 
in accordance with their volumes. Thus 
we see that Boerhaave’s heat fluid was 
endowed with precisely those properties 
which, more than two thousand years 
earlier, were attributed to the Eleatic 
Being, namely, corporeality (space-fill- 
ing), homogeneity (uniform distribu- 
tion), and indestructibility.'* 


Confusion of Temperature and Heat. 
In the thought of Boerhaave we can de- 
tect a confusion of the intensity and ¢a- 
pacity factors of heat which was quite 
prevalent in his day. This had already 
been evident in the case of Newton 
(1701), who thought that the ‘‘heat’’ of 
a hot body must be proportional to its 
‘*heat loss’? and, at the same time, con- 
sidered the readings of his actually arbi- 
trary thermometric scale to be a measure 
of the latter and therefore, he thought, 
of the former as well. When Boerhaave 
decides, as a result of the mixture ex- 
periments, that heat is probably distrib- 
uted according to volume, he thinks this 
view substantiated by the fact that bod- 
ies in contact come to a common tempera- 
ture, thus revealing his confusion be- 
tween uniform temperature and uniform 
distribution of heat. 

The same confusion in terminology 

12 To be sure, the analogy is not perfect, for 
Boerhaave did not deny the existence of a vac- 


uum nor that of matter or fluids, other than 
caloric. 


exists in the writings of Richmann 
(1750), who attempted to give mathe- 
matical formulation to the results of 
mixture experiments employing different 
quantities of the same substance.’® He 
does not distinguish between tempera- 
ture and quantity of heat but refers to 
both as ‘‘heat’’ (calor). On the basis of 
experiment and theoretical considera- 
tions, he stated that the ‘‘heat’”’ wu of a 
mass m on being distributed between th 
masses m and m’ yields the ‘‘heat’’ 
mu/(m+m’), so that if two masses 
m and m’ with ‘‘heats’’ uw and w’, respec- 
tively, are mixed, the resulting ‘‘heat”’ 
is (mu+m’u’)/(m+m’). In general, 
when masses m, m’, m”, of ‘‘heats’’ 
u,u’,u”’,... are mixed, the final ‘‘heat’’ 


will be 


y 





mu+tm wv +m’u” 4 


m+m’+m’+... 


The close relation of Richmann’s ‘‘m 1”’ 
product to our ‘‘quantity of heat’’ is 
obvious. We must also accredit him with 
a certain insight into the relative nature 
of his measurements, for he states that it 
is not the ‘‘absolute heats’’ but only the 
excesses over the zero point of his ther- 
mometer that come into consideration. 

From the appearance of masses in his 
formula, we might suppose that Rich- 
mann leaned to the opinion that heat is 
distributed according to mass. This 
does not seem to have been the ease, al- 
though he disproved Boerhaave’s asser- 
tion that the rate of cooling of a body 
is inversely proportional to its density 
by observing that a body of mercury 
cooled more rapidly, also was heated 

13 Kraft (1746) had already made an attempt 
in this direction when he advanced for U, th 
final temperature of a water mixture, the empiri- 
eal formula 

11 m u+8 m’u’ 
eam 2 | m+8 m’ 





where u and wu’ denote the initial temperatures 
of the bodies of water of masses m and m’, re 
spectively. The asymmetry of Kraft’s formula 
must have been due to experimental error. 
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more rapidly, than lighter bodies of the 
same size, Shape, and initial temperature. 
However, in his mixture experiments with 
water, he considered the experimental 
error due to the heating of flask and ther- 
mometer to be eliminated by regarding 
these as replaced by the same volumes of 
water. 


Classic Work of Black. By definitely 
distinguishing between ‘‘heat’’ and 
‘‘temperature’’ and by the introduction 
of the ‘‘heat eapacity’’ and ‘‘latent 
heat’’ concepts, Joseph Black (1760)** 
probably did more than any other man 
to convert confusion into order in this 
most important domain of physical sci- 
ence. He begins, in a thoroughly em- 
pirical, yet critical, vein by pointing out 
that the well-known truth that ‘‘all bod- 
ies communicating freely with each other, 
and exposed to no inequality of external 
action, acquire the same temperature as 
indicated by a thermometer,’’ is really 
a remarkable experimental fact which 
could not have been predicted from any 
known relation of each of the bodies, 
separately to heat. This fact, which had 
previously been referred to as_ the 
‘equality of heat,’’ Black wisely prefers 
to call the ‘‘equilibrium of heat,’’ since 
it is not heat equality but temperature 
equality which is involved. Boerhaave’s 
view, also adopted by Muschenbroek, 
that two bodies of equal volume and at 
the same temperature contain the same 
heats, he recognizes as an instance of con- 
fusion between the quantity and in- 
tensity factors of heat. Nor is the heat 
required to raise different bodies through 

14 Black’s posthumous Lectures on the Ele- 
ments of Chemistry, which contained his ideas 
on heat, was not published till 1803. However, 
& surreptitious publication, containing an ac- 
count of his views, appeared in London in 1770. 
Moreover, after 1760, he disseminated his views 
among his students orally by means of his lec- 
tures (11, ii, p. 161). In this way, many of 
Black’s ideas became dissociated from the name 
of their originator (4, p. 180). 


249 


the same number of degrees proportional 
to their density. Fahrenheit’s experi- 
ments clearly show that ‘‘the same quan- 
tity of the matter of heat has more effect 
in heating quicksilver than in heating an 
equal measure (volume) of water. 
Quicksilver, therefore, has less capacity 
for the matter of heat than water 
has’’; in fact, mereury has only two- 
thirds the capacity for heat that water 
has.'° Heat, then, is distributed in a 
body, neither according to the body’s 
mass nor its volume but ‘‘acecording to 
its (the body’s) particular capacity, or 
its particular force of attraction for this 
matter.’’ 

Several investigators on the Continent 
were led to ideas similar to Black’s. 
With Wilke (1781), the heat capacity 
notion finds expression in the statement 
that every body is equivalent to some 
quantity of water at the same tempera- 
ture, i.e., the given body will have the 
same effect as its equivalent quantity of 
water in raising the temperature of a 
definite quantity of water through a defi- 
nite temperature interval.*® 

Lambert (1775), like’ Black, 
tinguishes between quantity of heat 
(Menge der Warme) and its inten- 
sity (Kraft or Starke der Warme). 
For bodies of the same substance at the 
same temperature, the first, he says, is 
proportional to the volume of the body, 
but the same quantity of heat has in bod- 
ies of different substances of the same 
volume a different force. Lambert re- 
garded heat as consisting of ‘‘fire-par- 
ticles’’ (Feuerteilchen) and described 
the Boerhaave-Fahrenheit experiment by 
stating that three ‘‘fire-particles’’ in 
water had the same ‘‘force of heat’’ as 

15 Black observes that this fact also explains 
why, if equal volumes of water and mercury are 
fire, the 


dis- 


placed at the same distance before a 
mercury warms faster, and when the fire is re- 
moved, cools more rapidly, than the water. 

16To Wilke is due the introduction of the 
term ‘‘specific heat,’’ which was suggested by 
the analogy with specific gravity (11, ii, p. 159). 
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two ‘‘fire-particles’’ in an equal volume 
of mereury. From his own observations 
of the temperature equalization between 
a liquid contained in a thermometer and 
a second liquid into which the ther- 
mometer was introduced, he concludes 
that four ‘‘fire-particles’’ have the same 
heating effect in mercury that six in the 
same volume of alcohol, and seven in the 
same volume of water, have. 


Concept of Latent Heat. Quite as 
epoch-making as his ideas concerning 
heat capacity, was Black’s extension of 
the heat concept to changes of state 
(liquefaction and vaporization) by means 
of the notion of ‘‘latent heat.’’ When 
Black first took up the study of these 
phenomena (around 1760), only one kind 
of heat was recognized, namely, ‘‘sensible 
heat’’; in other words, it was assumed 
that the addition or subtraction of heat 
to or from a body must, in every case, 
make itself evident by a change in the 
reading of a thermometer in contact with 
the body. Black demonstrated, with con- 
siderable finality, that this view, in the 
light of observed facts, was quite un- 
scientific and untenable. Thus, he notes 
that in the case of fusion, if the accepted 
view be correct, a body of ice at the freez- 
ing temperature would be converted, 
wholly and instantaneously, into liquid 
by the smallest addition of heat. But the 
well-known slowness of the melting proc- 
ess shows us that this never happens. To 
confirm his opinion, Black suspended a 
body of ice and a body of cold water in 
a warm room and noted the changes in 
temperature of each. The temperature 
of the water rose continuously, but that 
of the ice rose to the freezing point, re- 
mained there until fusion was complete, 
then again rose continuously. The ex- 
periment, says Black, reveals clearly that 
during fusion heat is absorbed without 
change of temperature, since the body of 
ice and the body of water were both re- 
ceiving heat under exactly the same ex- 


terior conditions. This was substanti- 
ated when he detected a stream of cold 
air descending from the ice during fu- 
sion, this being correctly described as air 
which had given up its heat to the ice, 
On solidification of the melted ice, Black 
reasoned that the same heat must be 
liberated which had been absorbed on 
fusion (Principle of Conservation of 
Heat). The liberation of heat on freez- 
ing was ably proven by reference to the 
supercooling and subsequent solidifica- 
tion of water accompanied by the rise in 
temperature of the mixture to the freez- 
ing point, a phenomenon known to 
Fahrenheit. The sudden rise of tem- 
perature shows, says Black, that it is not 
the loss of ‘‘sensible,’? but that of ‘‘la- 
tent,’’ heat which is the condition of 
freezing. 

From these experiments Black feels 
himself forced to conclude that the addi- 
tion of ‘‘latent heat’’ at constant tem- 
perature is the ‘‘prineipal and most im- 
mediate cause of fluidity,’’ whereas the 
subtraction of the same is the cause of 
solidity.*” 

Black gives added weight to his views 
by determining the heat of fusion of ice 
by two different methods. The first was 
based on the observation already referred 
to: a body of ice and a body of water, 
each at the freezing temperature and of 
known weight, were placed in a warm 
room, and from the rise in temperature 
of the water, the amount of heat absorbed 
by the ice during fusion was readily cal- 
culated. The second method was mod- 
eled after the mixture experiments of 
Boerhaave and Fahrenheit: a small piece 
of ice at the freezing point was intro- 

17 Some investigators of this time, e.g., Mu- 
schenbroek, adopting an ancient view of Democ- 
ritus, held that water was a fluid not by virtue 
of heat imparted to it but because of an ‘‘ 
tial quality,’’ depending upon the supposed 
spherical shape of its particles. Freezing, they 
supposed due to the addition of ‘‘frigorifie par 
ticles,’’ a view supported, in the case of water, 
by the increase in volume on freezing (4, p. 33). 
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duced into a large body of warm water 
and the fall in temperature of the water 
during fusion noted. This with the 
weight of the water gave the heat ab- 
sorbed by the ice which, divided by the 
initial weight of the ice gave the heat of 
fusion per unit weight. When we con- 
sider that this determination was being 
made for the first time in the history of 
physies, Black’s value of 77 calories per 
cram for the latent heat of fusion of ice 
appears remarkably close to the modern 
value. 

Black advanced exactly similar views 
to account for the facts of vaporization 
and liquefaction. Entirely unacquainted 
with any notion of ‘‘latent,’’ as opposed 
to ‘‘sensible,’? heat many of Black’s 
predecessors had held that the bubbles 
of gas which are generated in, and sub- 
sequently expelled from, a boiling liquid 
are bubbles of heat itself, and that the 
temperature of the liquid does not rise 
simply because this heat passes through 
the liquid instead of being absorbed. At 
the same time, others maintained that the 
bubbles were those of air. Black’s care- 
ful reasoning, coupled with shrewd ob- 
servation and cleverly designed experi- 
ments brought order into this wilderness 
of confused ideas. Having identified the 
bubbles as those of the vapor of the 
liquid, he shows that the constant tem- 
perature during vaporization is consis- 
tent with only one assumption, namely, 
that the absorption of ‘‘latent heat’’ is 
the cause of the formation of vapor, just 
as it had been the cause of fusion or 
liquidity. Indeed, says Black, if this 
were not the case, the liquid on reaching 
the boiling point, would, on the addition 
of the smallest quantity of heat, explode 
into vapor. Black’s analysis of vaporiza- 
tion also explained why hot water, on 
being brought to boiling by subjecting it 
to reduced pressure, experienced a sud- 
den and decided cooling, a phenomenon 
first noted by Boyle. 

Black determined the heat of vaporiza- 


tion of water and then checked this 
against a determination of the heat of 
liquefaction, which, he correctly rea- 
soned, should be equal to the former. 
The first was determined by steadily 
heating an initially cold body of water 
until vaporization was complete. By 
assuming that the rate of heat absorp- 
tion during boiling was the same as that 
before the boiling point was attained, he 
was able to caleulate, from the time 
elapsing during boiling, the latent heat 
of vaporization. The heat of liquefac- 
tion was measured by distilling a definite 
quantity of water into a known quantity 
of cooling water whose rise in tempera- 
ture was noted. In another experiment 
the water was distilled into an ice ealo- 
rimeter and the weight of melted ice 
noted. Black’s first values for the heat 
of vaporization of water were too low 
(445, 456 calories per gram). James 
Watt, his famous student and assistant, 
introducing several refinements, con- 
cluded that the correct value lay between 
495 and 525 calories per gram, values 
which compare favorably with the ac- 
curate value, 536, obtained over half a 
century later by Regnault. 


Zero. 


were 


Speculations on the Absolute 
Black insisted that hot and cold 
purely relative terms and stated that 
there was no evidence for any lower limit 
of the temperature scale. Irvine and 
Crawford (1778), on the other hand, 
regarded the fusion experiments as sup- 
plying data for the determination of the 
absolute zero, 1.e., the temperature cor- 
responding to the state of zero heat con- 
tent. Instead of regarding the latent 
heat of fusion as simply the direct cause 
of fluidity, as Black had done, they 
reasoned that, since the heat capacity of 
water is greater than that of ice, the 
latent heat must represent the net excess 
of total heat of the water at the freezing 
temperature over that contained in the 
ice at the same temperature. This as- 
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sumption, coupled with the supposed in- 
variability of heat capacity with tem- 
perature, provided all that was neces- 
sary for the calculation of the absolute 
zero of temperature. Thus if ¢ and c’ 
be the heat capacities (specific) of water 
and ice, respectively, and the absolute 
zero be t degrees below the freezing point, 
the view of Irvine and Crawford requires 
that Y, the heat of fusion, be given by 
Q = tce-te’ 

Substituting Q = 80, 2c’=c, we obtain 
t = 160, i.e., the absolute zero is at — 160° 
C. Further, this view requires that the 
heat of fusion decreases with decreas- 
ing temperature. Thus, for ice, if 7’ be 
the Centigrade temperature, we have 
Q = ict = (160+ 7). 

Dalton, who also adopted this view, 
showed that the same reasoning, applied 
to the heat of fusion of mereury, gave 
the absolute zero as — 2021° C. Gadolin, 
adopting similar assumptions to account 
for the heat developed on mixing two 
liquids at the same temperature, found 
that the heat of solution of sulfuric acid 
in water indicated the absolute zero to be 
between — 830° C. and —1720° C. Still 
other ‘‘absolute zeros’’ were calculated 
from other mixture experiments and 
from the heat of chemical reactions.’® 


‘ 


Specific Heat Determinations. Through 
introduction of the concepts heat capac- 

18 As Mach (10, p. 168) notes, even though 
the assumption that the heat of fusion repre- 
sents the net excess of the heat of the liquid 
over that of the solid at the freezing tempera- 
ture, along with that of the invariability of heat 
capacity with temperature, be accepted, still the 
data need not necessarily be regarded as indica- 
tive of an absolute zero: if the temperature 
caleulated be assumed to be that at which the 
heat of fusion in question assumes a zero value, 
then one may assume, equally well, that below 
this temperature the heat of fusion acquires 
negative values. Indeed, such a point of view 
would have eradicated the apparent discrepan- 
cies between the different ‘‘absolute zeros,’’ 
since there would be no reason for supposing 
that all substances exhibited a zero heat of 
fusion at one and the same temperature. 


ity and latent heat, Black provided a 
secure theoretical basis for the measure- 
ment of quantities of heat, and hence 
specific heats, by two distinct methods, 
the method of mixtures and the method 
of melting ice. Black himself deter- 
mined a number of specific heats, but 
most of the determinations date from 
those of Irvine (1763), Black’s student, 
who measured the specific heats of mer- 
cury, glass, iron filings, and numerous 
other substances by the method of mix- 
tures.?® 

Wilke (1772) employed the ice ealo- 
rimeter for the measurement of specific 
heats as also did Laplace and Lavoisier 
(1780). To the latter is due the recog- 
nition of the general variation of spe- 
cific heat with temperature and the reali- 
zation that the specific heat can be pre- 
cisely defined only by means of the eal- 
culus. They thus wrote: s = dQ/dt. They 
are with Black in refusing to assume any 
absolute zero of temperature, nor do 
they accept the view that the heat of a 
chemical reaction is to be attributed 
generally to the difference in heat capaci- 
ties of reactants and products. 

The first accurate measurements of 
specific heats were those of Dulong and 
Petit (1813), who employed the water 
calorimeter. They confirmed the varia- 
bility of specific heat with temperature, 
already observed by Laplace and Lavoi- 
sier. They also discovered (1819) the 
law, for which they are best known, that 

19 Let m and m’ be, respectively, the mass of 
the body introduced and the water value of th 
calorimeter in grams of water. Then if the 
initial temperatures of body and water calo- 
rimeter are t and t’, respectively, whereas the 
final common temperature is t”, we have 

m(t-—t”)s=m/’(t”-t’) 
from which s, the specific heat of the substance 
composing the body in question, is determined. 

Again, if a body of mass m, specific heat 8, 
and temperature t causes by its introduction 
into the ice calorimeter the melting of w grams 
of ice, we have 

mst = 80u 
from which s may be calculated. 
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the atomic heat capacities of most solid 
elements have approximately the same 
value, namely, about six calories. <A 
similar generalization for the molecular 
heats of certain classes of solid com- 
pounds was later discovered by Neu- 
mann (1831). 

The determination of the specific heats 
of gases have a special significance for 
the history of thermodynamies because 
it was to bodies in the gaseous state that 
the first and second laws were first de- 
veloped analytically. The first attempts 
in this direetion were those of Crawford 
(1778) who introduced heated metal 
eylinders, containing weighed quantities 
of the gases, directly into a calorimeter. 
The results were unsatisfactory because 
of the relatively small weights of gas 
employed and the consequently small 
heating effect of the gas.*° Laplace and 
Lavoisier (1784) remedied this by 
sweeping a large quantity m of gas 
through the coiled tube of an ice ealo- 
rimeter, noting the fall of the tempera- 
ture of the gas 6 and the weight of 
ice melted. Then msQ = 80,1, where s is 
the specific heat of the gas. 

Clement and Desormes (1819) filled 
the same flasks with different gases, in 
turn, at the same temperature and pres- 
sure, and introduced it into the water 
calorimeter, whereupon the heat capaci- 
ties of these masses of gases were placed 
proportional to the times required to 
warm the gases through the same tem- 
perature interval. 

The first accurate 
specific heats of gases were those of 
Dalaroche and Berard (1813). The gas 
at temperature uv, and constant pressure 
was led at the rate of m grams per min- 
ute through the coiled tube of a water 
calorimeter where it was cooled to woe. 
If a steady state has been reached, indi- 


measurement of 


20 Thus Crawford found, for the specific heat 
of air, 2 calories per gram(!). Lavoisier and 
Laplace, with their much improved method, got 
0.33, the correct value being 0.2374. 


253 


cated by a constant temperature of the 
calorimeter, the latter must be losing 
heat to the surroundings at the same rate 
at which it is absorbing heat from the 


gas. Henee, if the water value of the 


calorimeter (at the constant final tem- 
perature) be w and if the calorimeter is 


known to cool at the rate of v°C. 

minute, when no gas is supplied, then 
MS(U; — Us) = WY, 

where s is the specific heat of the gas. 

Delaroche and Berard’s experiments 
indicated that different gases have dif- 
ferent heat capacities, but Hayeraft 
(1824), refining their methods, thought 
he could conelude that equal volumes of 
different gases at the same pressure have 
equal heat capacities, a view supported 
later by Delarive and Marecet (1827). 
However, the most careful investigations 
of Regnault (1837), by the method of 
Delaroche and Berard, showed this to 
be true only for oxygen, hydrogen, and 
nitrogen, whose specific heats he also 
found to be independent of temperature. 
He was not able to detect any variation 
in the specific heats (unit weight) of 
gases with variation in pressure. 

We must note that some of the above 
methods yield the specific heat at con- 
stant volume, others the specific heat 
at constant pressure. The early workers 
in this field did not clearly appreciate 
the significance of this distinction, and 


per 


the confusion arising from attempts to 
explain the diserepaney involved, along 
with that 
curred on expansion as well as its heat- 


of the cooling of a gas in- 
ing On compression, constituted a prin- 
cipal factor in the fall of the caloric 
theory and the enunciation of the First 
Law of Thermodynamics. 
Heat of Chemical Reaction. However, 
in the meantime, the caloric hypothesis 
was also demonstrating its great service 
in other branches of the phenomena of 
heat. Lavoisier, in carried 
out with Laplace on specific heats and 


researches 
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latent heats, had further demonstrated 
the great scientific value of these con- 
cepts, and he attempted to extend the 
idea of latent heat to account for the 
heat of chemical reactions. In this line 


of thought, caloric (calorique), though 
admittedly imponderable, nevertheless 
plays somewhat the role of a chemical 


element.*! Since to convert solids to 
liquids, and the latter to gases, a great 
amount of calorie must be supplied, 
Lavoisier supposed that gases, air in par- 
ticular, contain the greatest amount of 
ealoric. Accordingly, when a solid burns 
in air to form a solid oxide, Lavoisier 
supposes the calorie liberated to be that 
which was latent in the air, and states 
that the heat of combustion must be 
greatest when two gases combine to form 
a solid. He thus associates the libera- 
tion of caloric in a chemical reaction 
with the change of state of aggregation 
oceurring (12, p. 27). However, in the 
case where both reactants and products 
are gaseous, he is forced to explain the 
heat effect as due to the difference in 
specific heats of reactants and products. 

The conviction that calorie is a econ- 
servative quantity led Laplace and La- 
voisier to assert that the heat liberated 
when a system changes its state is equal 
to that eousumed when the system goes 
through the reverse change, a generali- 
zation of the prineiple employed by 
Black in dealing with fusion and vapori- 
zation. This generalization, which La- 

21 Light (lumiére) and ealorie (calorique) ap- 
peared at the very top of Lavoisier’s table of 
elements (tableau des substances simples), fol- 
lowed by the chemical elements known in his 
day. As older terms for caloric, he lists heat, 
principle of heat, igneous fluid, fire, matter of 
fire, matter of heat, but not phlogiston. Yet, 
in expounding his theory of combustion (1777), 
he states that caloric, as well as light, are 
evolved in every combustion, quite in the man- 
ner of the phlogistinians (17, p. 55). The 
essential point here is, of course, that Lavoisier 
recognizes that the liberation of the imponder- 
able caloric is only one aspect of combustion and 
is accompanied by combinations with the pon- 
derable oxygen of the air. 


place and Lavoisier were able to verify 
experimentally to a certain extent, later 
attained great significance in the work 
of Hess (1840) where it assumed the 
form that the heat liberated in a chemi- 
cal change is independent of the path of 
the change.*? 

The calorie theory also served to 
clarify the phenomenon of cooling. As 
early as 1740, Martine had discovered 
deviations from Newton’s Law of Cool- 
ing and these were verified by Kraft, 
Richmann, Leslie, and Dalton; in fact, 
the latter had proposed a new tempera- 
ture scale for which Newton’s law would 
be exact. The exact investigation of the 
rate of cooling of a body was first carried 
out by Dulong and Petit (1817). 
Whereas Newton’s treatment had been 
obscured by the confusion of tempera- 
ture and heat, Dulong and Petit, profit 
ing by the advances instituted by Black, 
clearly distinguish between these two 
concepts. Adopting the fundamental 
notion of heat as a conservative quantity, 
they regard the net heat lost per unit 
time by a cooling body as equal to the 
excess of the heat radiated over that 
absorbed per unit time. The rate of 
heat radiation and absorption was, in 
turn, recognized as being dependent on 
the temperatures of body and surround- 
ings, on the form and extent of surface 
of the cooling body, on the total mass of 
the body, on the peculiar nature of the 
surface of the body (coefficient of emis- 
sivity), and on the nature of the sur- 
rounding medium (4, p. 504). 


Caloric and Heat Conduction. An- 
other great support of the fluid theory 


22 The influence of Lavoisier’s relegation of 
caloric to the same class as the chemical elements 
is seen in Hess’s attempt to extend the law of 
multiple proportions to calorie, i.e., he tried to 
show that ‘‘when two substances combine in 
several proportions, the quantities of heat which 
are produced in the formation of the different 
compounds stand to one another in multiple 
proportions’’ (13, p. 504). 





was I 
vi led 


whiel 


ment 
Passt 
Th 
‘ond 
with 
eondt 
“out 
“onn 
Thus 
diffe 
dime 
€Xpos 
of he 


woul 
tiviti 
adop’ 
out 1 
(179) 
tors | 
their 
elude 
were 
Th 
of th 
heate 


reaso 


THE CONCEPT OF HEAT 255 


was found in the firm foundation it pro- 
vided for the theory of heat conduction 
which attained its highest stage of de- 
velopment in the hands of Fourier 
(1822). The earliest problems in heat 
conductivity seem to have been associ- 
ated with the variation in temperature 
at the different points of an iron bar 
subjected to a constant source of heat 
atone end. The first attempt at a quan- 
titative treatment was that of Amontons 
(1703), who thought that the tempera- 
ture inereased linearly with the distance 
from the cold end. To Lambert (1778) 
is due the realization that the ‘‘steady 
state’? attained by such a bar is really 
a dynamic one in which the heat gained 
by any element from the hot end equals 
the sum of the heat given up by the ele- 
ment to the surrounding air and that 
passed on to the colder part of the bar. 

The confusion of radiated heat and 
conducted heat was naturally associated 
with the confusion of emissivity and 
conductivity (often referred to as 
“outer,’’ or ‘‘surface conductivity,’’ and 
“inner conduetivity,’’ respectively). 
Thus Franklin supposed that, if bars of 
different metals, but having the same 
dimensions, be coated with wax and all 
exposed, at one end, to the same source 
of heat, then the distances over which 
the wax was melted, in the steady state, 
would be proportional to their conduce- 
tivities for heat. Ingenhouss (1785) 
adopted this point of view and carried 
out the experiments. But J. T. Mayer 
(1791), reasoning that the best conduc- 
tors of heat should be those which lose 
their heat to the air most rapidly, con- 
eluded that Ingenhouss’ best conductors 
were actually the worst. 

The first sound theoretical treatment 
of the stationary state of a unilaterally 
heated bar is due to Biot (1804). He 
reasoned that, at any point, the heat 
gained from the hot end equals that lost 
to the air throughout the remainder of 
the bar, which, in turn, may be computed 


from Newton’s law of cooling. In this 
way, he deduced the law that, for dis- 
tances from the cold end which form an 
arithmetical progression, the correspond- 


ing temperature excesses over the sur- 


roundings form a geometri¢ progression, 
also verifying it experimentally over a 
considerable temperature range. 

All of the laws of heat conduction 
were developed in a marvellously sys- 
tematic and comprehensive way by 
Fourier, working from 1807 to 1822, 
when his great Théorie analytique de la 
Chaleur was published. He _ distin- 
guished clearly between heat capacity, 
emissivity, and conductivity, and formu- 
lated the first precise analytical defini- 
tion of the latter concept. His whole 
theory of conduction followed rigorously 
from a simple fact, taken as first prin- 
ciple: the quantities of heat exchanged 
between two parts of a conducting body, 
lying very close together, are propor- 
tional to their temperature difference. 
The solution of the problem of the dis- 
tribution of heat in a long bar in the 
steady state appeared as a mere detail 
in Fourier’s comprehensive elaboration : 
he showed that, assuming invariability 
of conductivity with temperature, the 
distances over which the wax was melted 
in Ingenhouss’ experiment were propor- 
tional not to the conductivities them- 
selves but to their squares. 

Although Fourier does not 
himself on the nature of heat, the latter 
concept appears in his equations pre- 
cisely as if it were an imponderable fluid 
which suffers change of distribution but 
never gain or loss in total quantity, and 
which strives to attain a uniform ‘‘tem- 
perature level’’ just as a ponderable 
fluid seeks a condition of uniform height 
above sea level. The fiuid theory of elec- 
tricity had already been advanced in the 
eighteenth century by Franklin, Aepi- 
nus, Coulomb, and others; and Ohm 
(1826), impressed by Fourier’s work, 
conceived of the analogy between flow 


commit 
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of electricity and flow of heat. He 
argued that an analogue of the tempera- 
ture difference of Fourier’s theory 
should exist for electric currents and was 
thus led to formulate that most useful 
concept, electromotive force (‘‘electro- 
scopie force’’). 


Caloric as Substance. With so many 
victories to its credit, it is not surprising 
that the calorie theory came to occupy 
a position of commanding influence and 
relative security, a position which it did 
not completely relinquish until the mid- 
dle of the nineteenth century. In par- 
ticular, the growing number of facts 
consistent with the caloric hypotheses 
had the effect of bringing increasingly 
into prominence the conviction that 
caloric was an actual substance. 

This is already evident in the ter- 
minology of Boerhaave who, by referring 
to heat by the Latin term ignis, re- 
veals the close relationship between the 
eighteenth century heat fluid and the 
Greek ‘‘fire-matter.’’ 

It is significant that Black, who care- 
fully warned scientists against attempts 
at ultimate explanations in terms of 
hypothetical abstractions (15, pp. 282- 
285), nevertheless revealed, in his ter- 
minology, a firm belief in the substan- 
tial nature of caloric. For he refers to 
heat as ‘‘matter of heat’’ and character- 
izes the ‘‘equilibrium of heat’’ by the 
very materialistic phrase ‘‘equality of 
saturation.’’ Moreover, adopting Cleg- 
horn’s assumption that calorie exhibits 
an attractive foree for different sub- 
stances, he identifies the heat capacity 
of a body as ‘‘its particular force of 
attraction for this matter.”’ 

Berthollet, to whom Ellis (2, p. 186) 
attributes the introduction of the term 
caloric, cautiously defined it simply as 
the ‘‘cause of heat.’’ Lavoisier was, at 
times, equally careful, for he says (2, 
p. 186), ‘‘rigorously speaking, we are 
not even obliged to suppose that caloric 


is a real substance ; it suffices that it may 
be any cause whatever which separates 
the molecules of matter, and we ean thus 
consider its effects in an abstract and 
mathematical way.’’ Yet the phraseol- 
ogy of this very excerpt (“‘we are not 
even obliged”’ to consider it a substance) 
indicates that Lavoisier considered it 
both natural and legitimate, even though 
unnecessary, to regard caloric as a ‘‘real 
substanee.’’ That this was indeed his 
view is corroborated by his explanation 
of the explosive force of gunpowder : this, 
he said, is due to the sudden liberation of 
calorie, ‘‘that highly elastic fluid,’’ also 
by his reference to fusion as a process 
of ‘‘solution in ealoric.’’ But the most 
convincing evidence of his belief in the 
substantial nature of heat is found in the 
circumstance that even after he had, by 
his investigation of combustion, banished 
phlogiston from science, he nevertheless 
continued to retain ‘‘ealorie’’ in his 
table of chemical elements. 

Cleghorn and Black had endowed 
calorie with the fundamental Newtonian 
property of matter, that of attraction 
(for other kinds of matter), and Lavoi- 
sier had even placed calorie in his table 
of elements. From these circumstances, 
it is not surprising that some eighteenth 
century calorists thought that caloric 
possessed at least some mass (4, p. 32). 
Otherwise Rumford, a great opponent 
of the calorie theory, would hardly have 
considered it worth-while to carry out 
his investigation, An Inquiry Concern- 
ing the Weight of Heat (1799). He 
was able to show conclusively that calo- 
ric, if it exists at all, does not possess 
mass. 

After Rumford’s investigations, al! 
ealorists recognized that calorie, like elec- 
tricity and magnetism, must be an im- 
ponderable. 
weight had never been regarded as fun- 
damental, except insofar as it was im- 
plied by the postulated attraction of 
caloric for matter. A more fundamen- 
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tal property, which had been assumed 
from the beginning, was that of the elas- 
ticity and self-repellent nature ascribed 
to the heat fluid.2* Thus Dalton (16, 
ii, p. 393) says that besides the force of 
attraction between particles, ‘‘we find 
another force that is likewise universal, 
i. a force of repulsion. This is 
now generally, and I think properly, 
ascribed to the agency of heat. An at- 
mosphere of this subtle fluid constantly 
surrounds the atoms of all bodies and 
prevents them from being drawn into 
actual eontact.’’ Also Fourier speaks of 
“the equilibrium which exists, in the 
interior of a solid mass, between the re- 
pulsive foree of heat and molecular at- 
traction.’’ He also says that ‘‘heat is 
the origin of all elasticity.”’ 

This self-repellent property of calorie 
explained why the volumes of bodies 
quite generally increased on _ heating 
(at constant pressure). The anomalous 
cases of the fusion of ice and the contrac- 
tion of water between the freezing point 
and 4°C. were ‘‘explained’’ by refer- 
ence to analogous cases in mixtures of 
ordinary matter; e.g., the solution of 
water and alcohol, also that of copper 
in tin, and numerous chemical reactions 
are accompanied by a decrease in volume. 

Indeed, the magnificent edifice com- 
prising both theory and experiment, 
erected on the basis of the caloric hy- 
pothesis, must cause us to place it among 
the most fruitful hypotheses in the his- 
tory of science. However, in the mean- 
time, the faets of frictional and electrical 
generation of heat and the heating and 
cooling of gases on compression and ex- 

As early as 1733, the same property had 
been attributed to each of the two electric fluids 
by Dufay (11, ii, p. 201). 


pansion, respectively, were coming into 
increased prominence and were destined, 
after a battle of half a century, to bring 
about the fall of the fluid theory. This 
fall was coincident with the establish- 
ment of the First Law of Thermodynam- 
ics and, in many cases, with the revival 
of the kinetic theory of heat. 
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BASIC ENGLISH FOR SCIENCE 


By TOM BURNS HABER 


DEPARTMENT OF ENGLISH, OHIO STATE UNIVERSITY 


THE following letter (evidently not 
written to be posted) I found in the 
English notebook of one of my students 
in Freshman Composition : 


To THe AuTHors oF A Textbook of Botany: 


As a student in the botany course which is 
given at our university, I have become familiar 
with your textbook and workbook which are used 
in connection with the course. I wish to inform 
you that I am having a great deal of difficulty 
with botany, and I believe your books are largely 
responsible. 

The purpose of botany, I believe, is to ac- 
quaint the student with the different types of 
plant life and to help him understand the growth 
and structure of plants. In my estimation A 
Textbook of Botany defeats that purpose. The 
average student is lost in the maze of difficult 
and highly technical language of your text and 
in the complexity of the demonstrations and 
problems in your workbook. For example, in 
describing the beginning of a leaf you state that 
‘*development of a leaf begins with the pro- 
liferation of a primordium’’—without any pre- 
vious hint of what a primordium is! 

As a result of your heavy treatment of the 
subject, botany is dreaded and disliked by the 
majority of students on this campus. Many 
have failed the course because of this dislike 
for which your boring textbook is largely re- 
sponsible. You have, in the eyes of many stu- 
dents, attached a stigma to the useful science 
of botany. 


The evident sincerity of this letter, I 
hope it will be agreed, entitles it to a 
fair hearing. What college freshman 
has not at some time or another felt a 
similar protest rising within him as he 
tried to advance through the maze of 
language between him and the subject 
he was studying? The writer of the 
above letter may pass her course in bot- 
any and give the lie to her fears. She 
may even go on to like botany. But what 
a pity that she must arrive in spite of 
the language in which her textbooks are 
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written. Much has been said on the 
teachers’ side of the difficulty instructors 
of physics, of botany, and of chemistry 
have in getting their students interested 
in these branches of science. Perhaps 
the main reason lies not in reason mainly 
is not the students’ dislike for the sub- 
ject itself but for the language in which 
the subject is presented to them. 

Too many college texts in science are 
burdened with an unnecessarily heavy 
style. The use of essential scientific 
words makes for economy; certainly the 
author is not expected to eschew them to 
the point of repeating long definitions. 
But why cannot he oceasionally use 
‘‘crowth’’ instead of his beloved ‘‘pro- 
liferation’’? ‘‘Chain of events’’ instead 
of ‘‘series of concatenations’’? ‘Scaling 
off’’ instead of ‘‘desquamation’’? It 
would seem that some authors of sec- 
ondary science texts think that unless 
they write in the style of Herbert Spen- 
eer’s definition of evolution, they cannot 
impress their readers with the impor- 
tance of their subjects; as if what is 
stated simply cannot be worth learning. 
Clear exposition is a craft which scien- 
tifie writers ought to regard as highly as 
the validity of their ideas. Generally 
speaking, they seem not to be aware of 
its existence ; or, if they are, acknowledge 
it by keeping as far as possible from it— 
after the example of Professor Longbore, 
who used to open his science lectures each 
quarter with this warning, the only in- 
telligible sentence in his discourses: ‘‘I 
do not intend to make clear to you in 
twelve weeks what it took me fifty years 
to learn.’’ 

The style of Professor Longbore and 
his ilk is probably the result of a passive 
rather than an active state of mind. As 
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one turns the pages of a ponderously 
written text in college zoology, for ex- 
ample, he begins to wonder whether the 
author may not have drifted into his 
style merely by following the course of 


least resistance. A polysyllabie style is 
a lazy style. It is easy to master the 
learned jargon of any science, and mas- 
tery of the jargon is too often mistaken 
by publishers’ readers for mastery of the 
‘*Kasy writing makes cursed 
hard reading,’’ observed Dick Sheridan; 
and although laborious writing is not 
cuaranteed per se to make easy reading, 
it has a good chance to, if the writer 
knows what he wants to say and tries 
hard enough to say it. My point is that 
it is downright hard work to express 
scientific coneepts in a clear, mature 
style. And yet texts written for college 
students ought to be worth that much 
effort. 

For some writers, no doubt, there is a 
fascination in the weighty language of 
which my student complained. Thus the 
trap is baited and set for the author’s 
complete undoing: he lets words take the 
place of thought. He has seen these 
splendid terms so often; they were right 
to him in the books he read. Are they 
not as good in hisown? He does not stop 
to ask what the words really mean, how 
he expects his reader to interpret them. 
If by any chance a conscientious student 
narrows his eyes and carefully examines 
this lingo, the result is usually a feeling 
of dismay like that expressed in the let- 
ter at the beginning of this article. 

Is there, for example, any reason why 
a book in psyehology should be written 
in this style? 


subject. 


The appereeption of self-motivation is a psy- 
chological fact. A concomitant phenomenon is 
the consciousness that the origin of this motiva- 
tion is internal and not external. 


Is not this what the writer means? 


The mind is conscious that it is self-moving; 
and at the same time, that the motion comes 
from within itself. 
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The last sentence above is written in 
Basic English. This simplified English 
ought to have an especial appeal to scien- 
tific writers because its discovery was 
analogous to the procedure of the scien- 
tist seeking basic principles in the nat- 
ural world. The 
English, sifting the thousands of words 
in our language, isolated 850 indispen- 


originators of Basie 


sable terms by which the meanings of the 
others could be expressed. For science 
an additional list of 100 words is pro- 
vided. 

The methods by which the Basie word 
list was determined can be tested by any- 
one who takes a dictionary in his hand. 
He will find in reading definitions that 
certain words keep returning time after 
time—usually little words such as go, 
get, make, be, thing, name, true, good, 
together with necessary conjunctions and 
prepositions. These words and others of 
their kind are 
our language. 
common ground on which it 
for writer and reader to meet with the 


the basic vocabulary of 
They make a restricted 


is possible 


least possible chance for confusion or 
mistake. In its inductive origin, as well 
as in its purposes, Basic English is scien- 
tific English. 

It is not urged here that all writers of 
college texts in science adopt at once the 
Basie English vocabulary. The Spartan 
simplicity of Basic, though it is the hand- 
maiden of truth, does not always serve 
other ideals as faithfully. Variety and 
subtlety, for example, are not main prop- 
erties of Basic. These virtues and other 
qualities of a pleasing style ought not to 
be lacking from the books our science 
students read. Nevertheless Basic Eng- 
lish could have a tonic effect upon these 
books. It could dispel much foggy think- 
ing, which is the real cause of bad writ- 
ing. If an author thought in Basie first, 
he would not write ‘‘heliotropie inclina- 
tion toward the illuminating 
He would see that the meaning of his 
first word is repeated needlessly in the 


? 
source. 
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five that follow and might decide that his 
whole phrase could be put thus: ‘‘turn- 
ing in the direction of the light’’—which 
is good science and good Basic. No one 
can compose in Basic without having in 
his mind a pretty clear idea of what he 
wants to say. There are no superfluous 
terms in Basic to get between him and his 
manuscript. He will often be reminded 
that between his idea A and the words B 
that represent it there ought to be the 
same relation as between an object a held 
before a mirror and its reflection b. A 
true reflection requires a good mirror. 
Basie English has the makings of a good 
mirror because its vocabularly is level 
and impersonal—a plane reflector. Even 
though the scientific writer makes use of 
a larger vocabulary, if he keeps firmly 
in mind Basic equivalents as he composes 
his sentences, his writing will gain clear- 
ness, whatever words he finally chooses. 
And his readers—his students or his 


peers—will call him blessed. 


But there is another field of scientific 
writing where the need for Basie English 
is far more pressing. I mean the scien- 
tific books and magazines printed in this 
country and Great Britain. <A great 
many foreigners before World War II 
were coming into English via Basie. 
Now as an international language Basic 
is gaining steadily in general esteem 
everywhere. Public interest in it was 
greatly stimulated by Winston Church- 
ill’s ardent approval of Basic at Harvard 
in 1943. No artificial language can 
meet the stern needs of an international 
tongue as Basic English can. First, it 
has behind it the compelling prestige of 
the Anglo-Saxon tradition; it ‘‘looks’’ 
like English and it 7s English, the vital 
heart and core of the language of 
Shakespeare and Jefferson. Basic is easy 
for the non-English speaker to learn. A 
few weeks’ steady effort under skilled 
direction can make an intelligent for- 
eigner at home in written and spoken 
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Basic. The demand for books in Basie. 
both here and abroad, is on the upswing, 
It is one sign of the world-hunger for 
unity and commonalty among the peo- 
ples of our shrinking planet. 

In satisfying this hunger the place of 
science is nothing less than strategic. [i 
remains for science to recognize some of 
the practical aspects of its position. 
Science, as an international agency, must 
create or adopt an international tongue. 
The scientist today is faced with the 
problems faced by English traders 500 
years ago as they carried their goods and 
their language into the Seven Seas. 
Through necessity, between them and 
their brown-, black-, and yellow-skinned 
customers, a species of international lan- 
guage slowly developed. The barbarous 
pidgin (‘‘merehant’’) English of the Far 
East is a natural phenomenon brought 
into being by the needs of men grop- 
ing toward each other’s minds. These 
needs are a hundred times more impera- 
tive today. The very existence of the race 
may depend upon our finding right an- 
swers to them. Science, like trade, now 
has the earth as its province. More for- 
tunate than trade, science does not have 
to await the development of a crude, 
mass-made English. A _ scientifically 
evolved speech is at hand; in the words 
of Mr. Churchill, ‘‘a very carefully 
wrought plan for an international lan- 
guage, capable of very wide transac- 
tions.”’ 

It is a truism to say that the great im- 
petus felt. by scientific research during 
the past five years will continue and ac- 
celerate. Parallel with this step-up of 
activity in the ranks of the scientists is 
a keen public concern about what they 
are doing. Jet-propelled aircraft and 
atomic bombs have drawn the fearful at- 
tention of everyone to the laboratory of 
the technician. This public interest can- 
not. be written off as mere curiosity. We 
are hearing it said on all sides: Why, if 
the scientist is so expert in devising the 
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l For more thar \\ ( 
ita of the Subap ine hills afforded matte 
speculation to the geologis ( Its 
and few of them had Hy Suspicion hi sim 
posits were then forming 1 he neighboring 
a 2) Some imagined that the stra sO 
organic remains, instead of being d to s 
dary agents, had been so created in the beg 
ning of things bv the fiat of the Almighty. 


Others aseribed the imbedded fossil bodies to 
some plastic power which resided in the eartl 
the early ages ot the world. ! In what mar 
ner were these dogmas at length exploded? D 
The fossil relics were e¢arefully compared with 
their living analogues, and all doubts as to the 
organic origin were eventualh dispelled, 6) So 
also, in regard to the ture of the containing 
beds of mud, sand, ind llmestone those parts of 
the bottom of the Sf Were examined where shi ~ 
are now becoming annually entomb d rh one 
deposits, 7 Donati exp d th ! | t! 
Adriatic, and found the closest emblance be 
tween the strata there forming, and those whi 
constituted hills above thousand feet | ol in 
various parts of the Italian peninsula S) Tk 
ascertained by dredging that living testacea were 
there grouped together in’ precise +] san 
manner as were their fossil analogues in th 
land strata; and while some of the recent shells 
of the Adriatic were becoming incrusted with 
caleareous rock, he observed that others h id been 
newly buried in sand and clay, precisely as fossil 
shells occur in the Subapennine hills 
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Basic English stone forms had come from living forms wi 
(1) For more than 200 years the shell layers WY at last. (6) The same fact was mad 
of the small mountains near the Apennines had about the substances in the — beds of 
been a question for discussion among the persons sand, and lime stone (stone having a 


in Italy who first became interested in the 
science of the earth’s history as recorded in beds 


amount of chalk): tests were made of 
parts of the sea-floor where shells are noy 
by year being covered over in new deposits 
Donati took samples from different parts of th 
bed of the Adriatic and made the discovery 
the layers forming there were very muc!] 
‘ ee or those which made up small mountains over | 
of the dead substance of things once living, had : : eg : ‘ : 

ei é feet high in different parts of Italy itse] 
been made not by the decomposition of those (R) He made the discovery by taking up ian 
things, but by an order of the Almighty when ples from the seafloor that living testacca 
He made the pies (3) ager a. si, _ species of small shell-covered animals) 
planation that the plant and animal bodies in ere grouped together in exactlv the same w 
the stone beds were deposited there by some “ wi ig aging cas age 
force of swelling and contraction which was in jayers; and at the same time some of the 
the earth in its early days. (4) In what way _ shells in the Adriatic were being covered 
was the demonstration made at last that these lime-stone rock, he took note that others 
ideas were false? (5) An exact comparison was been newly covered by sand and sticky eart! 
made between the stone plants and animals and exactly as the stone-covered shells were, in 4 
the living ones like them, and all doubts that the = small mountains near the Apennines. 


of rock. (la) Only a very small number had 
any idea that like deposits were then forming in 
the nearby sea. (2) Some had the idea that the 
rock layers, which had in them a great amount 


POSSIBILITY 


If grass is green beyond the galaxies 
Beneath blue skies of undiscovered spheres 
Where other beings see their hopes and fears 
In stars that haunt their own mythologies; 
If other worlds are rimmed by sounding seas 
Endlessly moving over measured years, 

And eyes of men beyond their brim of tears 
Are shining into distant mysteries ; 


If another earth is near a sun unknown 
Among the hinterlands of stars unfound, 
The colors of its captive dreams may be 
Within the shattered spectrum of our own, 
Its silent fantasies of inner sound 

The voices of our own ete rnity. 


JOEL W. HEDGPETH 
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SAINT LOUIS TODAY 

lr is A pleasure for the cultural insti- 
tutions Of St. 
hosts to the members of the American 
Association for the Advancement of 
science, Mareh 27-30, 1946. In spite 
f many handicaps of the past four vears 
has 


Louis to serve again as 


considerable degree of 
been achieved by the industrial, social, 
ind educational organizations of the city. 
‘hose scientists who attended the meet- 
that held here in 1935 will 
nd new points of interest and notable 


progress 


nws were 
iiditions to the old ones. 

(pposite the entrance to Union Sta- 
tion the Milles Fountain sym- 
bolizing the confluence of the great Mis- 
sissippl and Missouri rivers a few miles 
north of the eity, now offers a decidedly 
more pleasing greeting to visitors than 
the unsightly buildings that formerly 
existed on the site. 

Immediately prior to the war many 


group, 


THE 


a a 
__—— ot - oe | 


BARNES HOSPITAL GROUP 
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blocks of the older river-front buildings 
were demolished in preparation for a 
great memorial plaza. The 
rupted these plans, but enough has been 


war inter- 
accomplished to show that on their com- 
pletion St. Louis will stand out as one of 
the most beautiful riverside cities in the 
world. And to not 
visited this Midwestern city during the 


those who have 
past ten vears the most striking change 
will be its cleanliness. With the passing 
of an effective antismoke ordinance St. 
the tidiest of 
America’s large industrial communities. 

St. Louis and Washington universities 


Louis now ranks with 


will be points of most immediate interest 
aside from the scheduled meetings in the 
Kiel Auditorium and various hotels. At 
Washington Brown Hall, 
housing the School of Social Studies, was 
opened in 1937, and presents an attrae- 
tive architectural as well as educational 
addition. In a special building near 


University, 


St. Louis Chamber of Commerce 


NEAR FOREST PARK 


yo 
=o 
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Crow Hall the evelotron that played an 
important part in the earlier phases of 
wartime atomic research should not be 
overlooked by those attending the physi- 
cal science meetings. 

St. Louis University, located in the 
heart of the city, is especially noted for 
the fields of medicine and 
seismology. It was, in fact, the first insti- 
tution of learning in the world to estab- 
lish a department of geophysics and is 
still the only university in the United 


its work in 


States to have a separately organized de- 
partment of this kind. By means of an 
elaborate system of seismographs, strate- 
vically placed at five points in Missouri 
and Arkansas, the University ‘‘keeps its 
finger on the pulse of the earth.’’ — In 
the field of medicine the work of the 
recent Nobel Prize winner, Dr. Edward 
A. Doisy, is representative of the great 


BROWN HALL, WASHINGTON 
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UNIVERSITY ’S NEWEST 
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strides that have been made of late 
in the Medical School of this Univ 

March is not an especially fay 
time for outdoor plantings at thi 
(Shaw’s 


Botanical Garden 


but the 


sour 


den), ereenhouses in the 


garden show many improvements over 


ten years ago, and a special floral display 
will be presented at the time of the Asso- 
ciation meetings. The library and her. 
barium will attract those whose activities 
center in the more technical phases of the 
botanical sciences. 

The most evident progress at the Mis 
sourl Botanical Garden during the past 
decade is in the development of the Ar 
boretum at Grav Summit, on the north- 
ern fringe of the Ozarks and overlooking 
the Meramec River. The entire orchid 
collection of the Garden, numbering some 
20,000 plants, is now housed in green 
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MAIN GREENHOUSE, MISSOURI 


louses on the Arboretum grounds. Dur- 
ing the past four vears outstanding re- 
search has been carried on dealing with 
the light relations and the hybridizing of 
orchids, and with the technique of hy- 
dropomies in their culture. Variations 
of this method are now employed on a 
urge seale. 

lor those with a few 
trom busy meetings the municipal For- 
est Park of 1,400 acres offers a unique 
of attractions. The more 
serious-minded will appreciate the Art 

iseum where there constantly 

nging exhibits covering many phases 


hours of time 


assemblage 
are 


ut, as well as the large and splendid 
permanent collections. On the north 
side of the Park, directly opposite the 
Art Museum, is the Jefferson Memorial. 
This is oceupied in part by the fine 1i- 
ry of the Missouri Historical Society, 
taining a large collection of Jefferson 
luscripts and others pertaining to the 


THE MARCH 


BOTANICAL GARDEN 
Hamilton-Burr controversy. And dur- 
ing the past decade the Lindbergh Col- 
lection has attracted many millions of 
visitors. 


the Art 


Gardens, 


short distance from 
Museum the Zoological 

housing a maenificent collection of ani- 
mals from all corners of the earth. In 
recent Vears the Zoo has improved in the 


Onlv a 


are 


acquisition of rare animals as well as in 


landscaping and in the enlargement of 
the houses. The reptile and bird houses 
are acclaimed as the finest in the world 
zoological treasures to the professional 
student and layman alike. 

The Park also includes a magnificent 
modern greenhouse, known as the Jewel 
Box, which presents exquisitely arranged 
floral displays according to the season. 
With the advent of spring, at about the 
time planned for the meetings, Forest 
Park should be given high priority on the 


visitor’s list. 
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Famous Barr (¢ 


ADMINISTRATION BUILDING, ST. LOUIS UNIVERSITY 


For the historically-minded who have 
an hour or two to spare a number of 
places may be visited which hark back to 
the glamorous river days of the early 
nineteenth century, when St. Louis was 
the chief embarkation point for the west- 
ern caravans that rumbled over the high 
plains to the forests of the Pacific Coast. 

The Old Cathedral and Court House, 
both constructed in the 1830’s, are only 
a few blocks from the downtown meeting 
points of the Association and are rich in 
the historic lore of the river-front days 
of a century ago. The Campbell House 
and Field Home are also representative 
historic landmarks. The former, built 
by Robert Campbell, a fur trader of the 
1820’s, contains the original furnishings 
and is typical of a wealthy home of the 
period. The Field Home, where the poet 


Eugene Field was born in 1850, is lo 
cated near the downtown business (is- 
trict. It has been rehabilitated and re 
furnished with articles used by Field i 
his earlier days. 

Space does not permit even a listing o/ 
the many industrial plants that might b 
of interest to the varied scientific callings 
among the Association's 
However, particularly note 
worthy for biologists are the man) 
breweries for which this city is justly re 


represented 
members. 


nowned. Thousands of persons are « 
ducted through these plants each ye 
thus being afforded an opportunity 
see the most modern techniques and ¢ 


plications of intensive research in ind 


trial microbiology. 
HeENry N. ANDREWS 
MISSOURI BOTANICAL GARDEN 
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LET’S HEAR ABOUT IT 


‘HERE is an old saying among otolo- 


i 


‘ists (ear doctors) that one should not 


one 


put anything in his right ear except his 


left elbow. The adviee, if followed, 
would prevent many a ruptured ear- 
drum, 

The Navy, of course, has more than 
an academic interest in the hearing of 
its personnel. Before a man is asked to 
sien on the dotted line, he is given a 
pseudoscientific test in the form of a 
whisper, tick of a watch, or the click of 
a coin. Before he is handed his hon- 
orable discharge, he is tested again with 
the same pseudoscientifie test, and it is 
hoped that his hearing has not been im- 
paired to the extent of furnishing, at a 
later date, a basis for claims against the 
Government. 

It may be that the prefix ‘‘pseudo’’ 
will raise unpleasant connotations, but 
any test which ranges from the dulcet 
whisper of a corpsman from South Caro- 
lina to the gravelly rumble of a corps- 
man from Maine eertainly is not scien- 
tific. Likewise, the click of a coin or the 
tick of a dollar watch can hardly be 
trusted. However, known 
record of any man in the Navy having 
hearing so bad that he could not hear 
the call to chow. 

After a man has entered the service, 
his hearing is subjected to many influ- 
ences. In addition to the ordinary 
noises that he eneountered in what is 
euphemistically ealled civilian life, he is 
exposed to the noise and blast effeet of 
the guns and, in certain ships, to the 
high noise level of the Diesel engine 

ms. The effect of the upon 
hearing is not open to argument; too 
liany ruptured eardrums offer their elo- 

ent testimony. The effect upon the 
iring of personnel being subjected to 

high level of Diesel engine 
ms is questionable. The specialists 
inot seem to come to an agreement as 


‘ 


there is no 


euns 


noise 
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to whether there is such a thing as oecu- 
pational deafness. 

It would seem to the layman that eon 
tinual exposure to high noise levels 
would eventually have a_ deleterious 
effect upon hearing. A number of med- 
ical men subscribe to this theory. <An- 
other group venerate statistics 
maintain with heat than light 
that, as we have no scientific test data 


who 
more 


on the hearing of these men before they 
were subjected to the high noise level, 
we have no means of knowing whether 
the loss of hearing was occupational or 
due to the ordinary vicissitudes of ad- 
vaneing age. 

There is one point upon whieh all the 
ereat minds seem to agree; that is, noise 
does fatigue. Standing a watch over a 
couple of laboring Diesel engines takes 


U. S. Navu Photo 


THE V-51R EAR WARDEN 


more out of a man than standine wateh 
The 


continued rat-a-tat of a riveting machine 


over a pair of purring turbines. 


in an aireraft factory raises the curve 
of absenteeism, although no notice has 
been taken of this saboteur. 

The Navy’s answer to this problem 
has been cotton—wads of it. It is said 
that the Union admirals were consider 
the Civil War 


over the necessity of using cotton before 


ably disturbed during 
starting a shore bombardment problem. 
But that is the only period when there 
was any doubt about using cotton. For 
been the universal 
and blast. It 


deference to the 


venerations it has 


panacea against noise 
must be admitted in 
Cotton Growers Association that eotton 
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l S. Navy Photo 


INSERTING WARDEN 


properly inserted in the ear canal offers 
eood protection against blast and noise. 

As the tempo of the 
creased, and the noise level on ships like- 


recent war in- 
wise, the Navy sought the best ear pro- 
Was it cotton or was 
Of the mak- 
Some 


tection obtainable. 
it some mechanical device? 
ing of earplugs there is no end. 
are good, some are bad, and some are in- 
different. 
tive device could be selected for universal 


Before a suitable ear protec- 


naval issue, it had to meet certain basic 
requirements. 

The first and most important require- 
ment that the 
to offer greater protection than cotton. 


Was device would have 
There would be no point in introducing 
a mechanical device that would not do 
the job better than cotton. 

The next that of 


comfort, for any safety device must be 


consideration was 
reasonably comfortable or men will not 
se It. 
sight of this fact. 


to use ear protection or gogeles or any- 


Safety engineers sometimes lose 
Men can be ordered 


thine else, but unless they are com! 
able they will find an infinite numb: 
ways for evading their use. 

It also had to be borne in mind 
practically evervone on board ship | 
the captain to the cook at some tin 
other must wear the ‘‘ phones.’ 
two and dist 


introduces separate 


problems. The ear protectors must 
interfere with the use of the phones 
while excluding noise, they must 
reduce the possibility of hearing 
mands and orders—requirements  t] 
appear to be contradictory and impos 
sible to meet. 

Minallv, as the bulk of the fleet ope: 
tions were being conducted in the tropics 
there was the ever-present danger 
fungus growth, which has been deseril 


of the ear. Woul 
the introduction of a mechanical device 


as “‘athlete’s foot’’ 


into the ear increase the possibility 
infection ? 

All too often when faced with a prol 
lem that contained so many unknowns 
the equation, it has been necessary fo 
the Navy Department to institute a pro 
After the 
the data ana 


eram of research. researc] 


has been conducted and 
Ivzed, a laboratory device must be ci 
signed and submitted to exhaustive tests 
Finally, the laboratory model has to bi 
transmuted into a production mode! 
This takes time, valuable time. 

In the matter of ear devices, time had 
been seized by the forelock. Research 
on ear protective devices had been going 
forward for a number of vears. Dr 
Verne Knudson, of the University of 
California, aided by a number of able 
assistants, had collected data on ear pro 
tectors and embodied the result of these 
researches into a mumber of fundamenta 
The Psyvcho-Acoustic Labor: 
tory, Harvard University, working und 
National Defens 
continued Knu 
At the same tim 


it conducted a program of comparati 


designs. 


from the 
Committee, 


a contract 
Research 


son’s investigations. 
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sof such ear protectors as were com- 


‘ally available. The sum total of 
‘esearch was embodied in an ear pro- 
tor known as the V-51R Ear Warden. 
in the basis of objective tests, this 
ce seemed to be the nearest approach 
i solution of the problem. 
est data definitely indicated that over 
frequency range of audible sound 
es the V-51R Ear Warden, in ad- 
on to being superior to other me 
devices tested, offered greater 
Kurther, under 


chanical 
rotection than cotton. 
ditions of high noise level, intelliei- 
ty of speech over the sound-powered 
ones Was increased when the ear war- 
ens were used. These two basic con 


were enoueh to warrant the 


ISLORLS 


procurement of the device for naval 
ssule. 
lhe possibility of infection of the ear 
al by the introduction of the wardens 
s recognized. It was not certain, how- 
er, whether cotton or the wardens of- 
fered the Althoueh 


cotton was antiseptic, the fingers that 


ereater hazard. 


U. BW. Navi Photo 
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REMOVING WARDEN 


pulled it out of a container and. stuffed 


it into the ear were not. The wardens 
could be sterilized without too much diffi 
culty in an antiseptic solution. 

Neoprene was selected as the material 
from which the ear wardens were to be 
molded. In addition to meeting the 
technical requirements, it was as nearly 
nontoxic as any other available material. 
People whose skin was irritated by rub 
ber were not, in the great majority of 
With an 
eve cocked toward the requirement of 
upon a 
that 
writhe in 


Cases, disturbed by heoprene. 


comfort, the designers insisted 


deeree of softness in the material 
the manufacturers to 


They said it couldn’t be done, 


caused 
anguish, 
but, to their everlasting credit, it was. 

It is interesting to note that once the 
laboratory produced ear wardens that 
satisfied all interested parties and the 
specifications for their production were 
approved, it required eight months be 
fore the wardens started to roll off the 
production line. The over-all time from 
the decision to purchase large quantities 


for service issue to their actual commer 
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production was approximately a 
vear. There is no telling how long it 
would have taken to complete the basic 
research, if it had not been started before 
the war. These facts are introduced to 
buttress the argument for continuous re- 
Problems must be foreseen and 
the basic research conducted upon them 


cial 


search. 


long before the problem is recognized 
generally in the Fleet. 

Ear wardens are now being given to 
the Fleet as general issue. As the tempo 
of production increases, they will have 
universal distribution. They should be 
used by all men exposed to gunfire or 
hieh Under 
such conditions they should be viewed 


continuous noise levels. 
in exactly the same light as a pair of 
They 


represent a comfortable, usable safety 


goggles in a grinding operation. 


device. 

We 
are now issuing devices to protect the 
hearing. We must now develop a de- 
vice, or modify for service use an exist- 


One thing remains to be done. 


ing device, to test adequately the hearing 
of naval personnel. These tests should 
be conducted before a man is inducted 


The 


click of a coin is a welcome sound in the 


and again before he is dischareed. 


pocket but a travesty as a test of hearing. 
Lv. Compr. GEorGE W. Dyson 


THE USE OF ATOMIC TRAIL BLAZ- 
ERS IN PHYSIOLOGICAL INVES- 
TIGATIONS WITH PLANTS 

ONE of the greatest triumphs of mind 
over matter has been the discovery of 
methods of artificially transmutine one 
kind of atom into another. The atomic 
bomb is the most spectacular develop- 
ment from researches in this field, but 
other applications of this modern brand 
of alchemy hold greater promise for the 
welfare of man. Modern techniques of 
atomic physics make it possible to label 
certain that 
they can subsequently be distinguished 


molecules in such a way 


from other molecules of the same kind. 


The use of such identifiable molecules 
finds a number of important applicati 
in biology and medicine. 

The method of tage 
molecules is by incorporating into then 
atoms which have been rendered artifi 
cially radioactive. Such radioactive ; 


commonest 


topes (isotopes of an element are diffe: 
ent varieties of atoms of that element 


having different masses but the sa 

nuclear charge) of many of the elements 
can be prepared by bombardment of th: 
atomic nuclei in a cyclotron and in other 
ways. <A radioactive isotope is identica 
in its chemical properties with the con 
moner isotopes of the same element 
which for most elements are nonradio 
active. A radioactive isotope of any 
element betrays its presence wherever it 
may be by the continual emission 0! 
radiations or charged 
detected with 
Thus it is possible to trace suc! 


particles which 
can be suitable instru 
ments. 
molecules, after ingestion or absorption 
through an organism and often even 

determine the chemical reactions in 
which they participate. 
ordinary methods of 


This has never 
been possible by 
chemical analysis because by such met! 
ods it is impossible to distinguish bi 
tween the introduced molecules and 
others of the same species which wer 
already present in the organism. 

The radioactive tracer technique has 
been successfully employed in a number 
medical interes! 
Such representative problems as the a 
eumulation of iodine in the thyroid 
land, the phosphorus metabolism of thi 
human body, and the role of iron in the 
synthesis of hemoglobin have all been 
Important 


of investigations of 


investigated by this method. 
advances in our knowledge of the phys! 
other animals, plants, a 
microorganisms have been ma 
with the help of radioactive tracers. 

A natural application of the tra 
technique is to the problem of the mo\ 
The pri 


ology of 


also 


ment of substances in plants. 
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al tissues of translocation in plants 
the xylem and the phloem, corre- 
ponding, in the stems of woody plants, 
to the wood and the inner bark, respec- 
tively. It has long been reeognized that 
upward movement of water in plants 
occurs through the xylem (in woody 
plants only through the outer layers) 
and that downward movement of the 
foods synthesized in the leaves occurs in 
the phloem. Regarding the route tra- 
versed through the plant by the mineral 
salts absorbed from the soil there has 
been much less unanimity of opinion. 
Results of some investigators seem to 
indicate the phloem, of others the xylem, 
as the tissue through which most trans- 
port of mineral salts takes place from 
the roots to the aerial organs. 

The use of radioactive compounds of 
sodium, potassium, and phosphorus has 
permitted a eritical decision to be made 
between these two viewpoints. When 
willow and geranium plants were al- 
lowed to absorb such compounds, the 
results show unquestionably that their 
movement in the 
xylem. No evidence was found of any 
upward movement in the phloem, al- 
though considerable lateral movement of 
the salts from the xylem to the phloem 
did take place. 

In other experiments on the transloca 
tion of salts in plants the effect of inject- 
ng leaves with a radioactive phosphorus 
ompound was tried. The molecules of 
this substance were found to be trans- 
ocated out of the leaves and in the 

wnward direction through the phloem, 

hich is continuous from the leaves into 
he stem. Once in the stem a large pro- 
tion of the molecules moved laterally 
om the phloem into the xylem, in which 
These results 


upward occurred 


ev reascended the stem. 
ivvest the oceurrence of a regular ecir- 


lation of at least some of the mineral 
Apparently most of the 


ts in plants. 
neral salts absorbed by the roots of 
ants are translocated directiv to the 
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leaves. Some of the molecules of a salt 
may be retained in a leaf or used meta- 
bolically in the leaf cells, particularly 
if it 
Other 
move out of the leaf through the phloem 
and eventually back into the same or 
A given 


is in an early stage of growth. 


molecules of the same salt may 


other leaves through the xylem. 
molecule may repeat this translocation 
cycle several to many times before actu- 
ally becoming immobilized in a cell. 

Not only have the movements of min- 
eral salts within plants been studied by 
but 
mechanism 


this method, knowledge reevardinge 
the 
tween 


vanced by applications of this teehnique. 


of ionic exchanges be 


the roots and soil has been ad 
A two-way movement of potassium ions 
between roots and soil has been demon 
this Radioactive 


potassium has been shown to move from 


strated by method. 
the roots of barley plants into the sur- 
rounding medium at the same time that 
nonradioactive moving 
from the medium into the roots. These 
results indicate that a constant exchange 


potassium was 


of potassium ions in the medium with 
potassium ions in the roots is in progress, 
even when no net absorption of the ions 
by the roots is oceurring. 

another 
with 


Photosynthesis is process 


which has been studied scientific 
profit with the aid of tagged molecules. 
This is the process in which carbohy 
drates are synthesized in green plants 
from carbon dioxide and water with the 
Photo 
synthesis occurs only in hght whieh fur- 


The entire 


accompanying release of oxygen. 


nishes the necessary energy. 
world of plants and animals operates at 
the expense of the energy and organic 
capital accumulated in photosynthesis 
Although this reaction runs smoothly m 
any green leaf exposed to proper condi- 
tions, man has never been able to dupli- 
eate it in the laboratory, and the essen- 
tial mechanism of the process has thus 
far eluded all experimental probings. 
Recent experiments with radioactive 
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carbon have thrown a new and different 
light on the probable mechanism of pho- 
When 


to absorb carbon dioxide made 


tosvuthesis, ereen plants were 
allowed 
with artificially radioactive carbon, it 
was possible, by suitable chemical analy- 
ses, to determine the kinds of chemical 
compounds into which the tagged carbon 
atoms were Incorporated. 
these investigations indicate that the first 
step in photosynthesis—which may take 
place in the dark as well as in the light 

is the conversion of the absorbed carbon 
dioxide COOLTL ) 
attached — to 


weight. 


into carboxyl eroups 


molecules of large 
This 


considerable departure from most 


very 
molecular represents a 
pre- 
vious theories of the mechanism of pho- 
One but 


theory of photosynthesis 


tosvnthesis. tenacious, never 
well-founded, 
has been that formaldehyde is an inter 
mediate product in the svuthesis of car 
No evidence could be found 
that the 


tagged carbon was present in molecules 


bohydrates. 
in this investigation any of 
of formaldehyde or similar compounds, 


and henee no evidence in favor of this 
theory could be found by this technique. 

Kor some elements there are several 
isotopes which can be used as tracers in 
Carbon. is 


The 


has an 


phis stlological investieat 1ONS. 


an example of sueh an element. 


usual variety of carbon atom 
atomic weight of 12, but isotopes with 
atomic weights of 11, 13, and 14 are also 


known. The unstable, radioactive C-1] 


The results of 
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isotope is the one which was used in 


previously described investigations 


photosynthesis, but presents some d 
culties in experimental work becaus 
radioactivity is not retained very lo 
The C-14 isotope is also radioactive, 
been much used 


thus far has not 


emitter of char 


particles and therefore difficult to det 


cause it is a weak 


('-13 is a stable, nonradioactive isoto; 


but by a modification in technique su 


isotopes can also be used as_ trac 


Their presence is detected, not by the 


emission of radiations or charged p: 
their larger mass as co) 


Such (| 


ticles, but by 
pared with ordinary carbon. 
terminations can be made with an 

strument known as a mass spectrograp! 
The distribution of the recently mat 
throughout bean 


has recently been traced by allowing tl 


photosvnuthate plant 
leaves to absorb earbon dioxide contal 


ine the C-13 isotope. Rapid transloc: 


tion of carbohydrates synthesized 

photosynthesis to the growing stem and 
root tips was readily demonstrated 
this method. Translocation of the ca 
bohvdrates, whether in the upward 01 
downward direction, was found to occu 
in the phloem, thus confirming, with a 


entirely new technique, the generall 
accepted idea of the pathway of trans 
port of carbohydrates in plants. 

B.S. Meyer 
BOTANY 


UNIVERSITY 


DEPARTMENT O! 
THE OHIO STATI 





COMMENTS AND CRITICISMS 


Armchair Geology Oversens, wite prod wtion engineers 
ae numbers vetroleum distribution engineers, 
n always glad to meet an old friend, and . nbered peti m di r . 

; . . ( SSI1Ol Was ns vital. fot: ne 
the time I was two-thirds of the way their mission was a , VOUT : 
gh Mr. Chapman Grant’s letter, in you 


ary number, I knew T had found one. 


tool well-drilling 


4 


equipment Was 
use in search for underground water, 


. ‘ SO-LdrLers oo wit (eoOLOgists fulfilles t] 
little over twenty-five veurs ago a Idiers, ’ ‘ , gist ams t 
. wer 7 > . mission of finding the ‘‘strategie mineral 
wr, a geologist working on the Brazilian : 
. , Water geology is too often overlooked 
suggested the same hypothesis for the 
> ; . economie geologists when they considet 
ation of beach cusps that Mr, Grant pro 
. . . . . minerals of the earth. With all due 
Branner’s views are set forth in an ID IK : : lid ; 
. 0 oO) tol S spl ait irticle 
in the Journal of Geology, Volume &, t r. INnNOopt for hi } nd ; 


s 481-484, for the vear 1900.) The idea 


ed some credence for a time, especially 


the most important, and at times mos 

(e.g. El Alamein), mineral of them 
I humbly quote the immort: 

é ; William C, Rasmussen, w 

livpothesis but it won’t work, If Mr. Ital 


neer of the 


vy *farmehair’? geologists. It is an enti 


it will check up by finding a smooth sand 


. ‘*There are times 

without cusps where cross-waves are com : 

: : almost worth a bottl 

I think he will see why. 

Since the publication of my article, **Seien 
Beachcombing,’’ [I have been watching 
number of THE SCIENTIFIC MONTHLY fo1 
criticism, from your readers, of the use 

he method. So far the result is zero. | 
of course, interested in the use of thi 
ective method by Paul D. Harwood. Thi 


graphy of John Ericsson is a ‘*gem,’’ but samsceadl 
Jewish-C 
Wolff. 

It 
Oil, Water, and Vino ss 


\dolph Knopf ’s article on strategic min 


is what we always expect from Owen 
son, O. F. EVANS 


t 


eral 
supplies was fascinating and ealled atten arte 
to the magnificent work of geologists and ern Jewish 
neers in exploration and inventory during Evidently 
al tinian news to-day prompted 
owever, he overlooked that group of geolo above-mentioned articel 
and engineers who find and produce thi presses the opinions of 
Valuable mineral of all, namely, water. Jews as well as Americans. 
national petroleum is a four-billion-a-vear recently showed Ameri 
strv, national water is about an eight cent pro-Zionist, 
a-year industry. Overseas, the Ameri Houses 
soldier required more than 100 gallons ot 
fied water a week (compared to 50° for 
eum produets 
iring the war huge water supplies had to > 
und and developed for hundreds of Army Zionism longs 
ps, thousands of industries, and many new n Palestine.’’ Nothi 
expanding cities and towns. Consulting i actuality, or even 
engineers, geologists, drillers, and chem Wing among Zionists 


vere strained to the utmost, while the trary, ‘* Zionism 
Resources Branch of the Geological Sur tional will t 

U.S. Department of Interior, answered (Quoted first sentence 
sands of water inquiries, and prepared Zionist Edueat 

for water supply in cooperation with the Samuel Dinin, Ph. 
in all theaters of war. 1944 by the Edu 
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ist Organization of America, many of whose 
leaders are Rabbis.) 

The author of the above-mentioned 
insists that a ‘‘Jewish State 
a glorified ghetto, narrow, undemocratic, 
turn out to be 
Such criticism is pure poppycock compared to 
the position of Zionist Palestine today. After 
much insistence on the part of Palestinian and 
Britain al 


article 
would simply 
mean 
and may 


well reactionary.’’ 


world Jewry, reactionary colonial 
lowed Palestine to present a Jewish Brigade 
against the tottering Nazis in the last davs of 
the recent 
Palestine had 21 

fall, 1944, elections. 
tine provided one of the chief strong points in 
the Near East of the Allies. The Hebrew Uni- 
versity gave courses of advanced training for 
Allied Medical Officers in that theater. 


farms were an important source of fresh fruits, 


war. ‘*Undemocratie’’? Jewish 


parties represented in the 


‘*Narrow’’ Jewish Pales 


Jewish 


vegetables, and dairy products for Allied mili 
tary personnel in the Near East. 

Any GI who spent time in the rest centers 
near Tel Aviv looked on that spot as being of 
the widest horizon in that part of the world. 

G. W. says ‘‘Nationalism has always and 
everywhere mind. ’’ 
think American 


Does he 
such is the case in National 
ism? In Palestine the Jews are educating the 
Arab living (to wit: 
decreased Arab death rate, especially infantile, 
and increased Arab standards of 
This latter activity has been the eause 


narrowed the 


masses to progressive 
Wages and 
living). 
of feudal Arabian leaders’ opposition to Zion 
ism. 

I wish he would have at least finished writing 
with the sentence ‘fa permanent solution can 
only be found on the basis of an international 
covenant of nations.’ 
the situation that presents itself even now in 
the UNO is that the Jews, because they have 
not a few acres of soil they are free to eall 
their word in their 
defense, or for their own welfare. 

I, M. SATUREN, V.M.D. 


Ilowever, the irony of 


own, cannot say a own 


Three Jeers for the Editor 


It seems to me that you have done no service 
to THE SCIENTIFIC MONTHLY or the A, A, A. S. 


in publishing Owen Johnson’s article on John 
The MONTHLY 


Ericsson in your January issue. 
ordinarily follows such standards of accuracy 
and interest that this aberration ealls for com 
ment, 

I hase my objection to the article on two gen 
eral grounds: 1—The source; 2—The content. 

R The 
ideals of the MONTHLY to aecept material from 
a publieation of such dubious integrity as the 


Source. It appears clearly below the 


THE SCIENTIFIC MONTHLY 


present Reader’s Digest. At least it is to 
eredit of the MONTHLY 
the source. 

2. The Content. The article is an uncrit 
sanctification of Eriesson in the worst tradit 
of romantic biography. That, however, may 
called a matter of taste and therefore only 


to have acknowled, 


personal opinion. So let us turn to som 

Mr. Johnson’s factual statements and impli 
tions and see whether they are appropriaté 

a scientific journal. 

Take for a starter page 
Johnson speaks of Robert Fulton ‘ ‘little drean 
ing that a genius was born who would nul/ 
all that he 
Comment on this leap of faney seems sup 


15, col. 2, whe 


was creating’’ (emphasis added 
fluous, 

On page 16, col. 1, Johnson speaks of ‘* px 
erty, the greatest spur of all.’’ I wonder li 
many will agree with that characterization, ha 
ing in mind, let us say, Darwin and Marcon 

On page 18, col. 1, the author says of the 
paddle-wheel steamer, ‘‘but even under favor 
able circumstances it could develop a speed ot 
Johnson was bor 
the old sid 
SLXT\ 


only four to six knots.’ 
in New York; did he never see 
wheeler Mary Powell 
vears reeled off sixteen to twenty knots on tli 
Hudson? 

On the same page, col. 2, Johnson discusses 


which for nearly 


the Francis B. Ogden, Ericsson’s screw steame! 
Of the Admiralty he says, ‘‘ They had listened 
to the engineer corps of the nation, which was 
arraved unanimously against this ridiculous in 
added). How 
unanimous? = It 
should 


vention’? (emphasis does he 


know the opinion was seems 
unlikely, and if true, authority 
been given. Further on he says the Ogden 
smoothly and effortlessly moved . ‘f without 
in the shaking their 
‘*Not one had the slightest suspicion that | 
had taken part in the first suecessful demon 
‘* A second 


have 


least convictions,’’ and, 


stration 
time Ericsson had stood on the brink of fam 
and seen it denied him.’’ Aside from the ques 
tionable use of superlatives here which hav 
doubtful factual justification, the whole sto. 
a sense with which at least ou 
The Encyclopedia Britar 
nica, 1944, vol. 8, pp. 684-5 says: 

‘<Tn 1836 he took out a patent for a screw 
propeller, and though the priority of his inven 
tion could not be maintained, he was afterwards 
awarded a one-fifth share of the £20,000 giv 
by the Admiralty for it. At this time Capt 
Stockton, of the U. S. Navy, gave an ord 
for a small iron vessel to be built by Laird « 
Birkenhead, and to be fitted by Eriesson with 
This vessel reached N« 


’ (emphasis added). 


is weighted in 
authority disagrees. 


engines and a screw. 
York in May 1839.’’ 
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hing about these details in Mr. Johnson’s 
but they quite alter the picture, don’t 
Of course Mr. Johnson may be right and 
tannica wrong; but in that case at least 
tence of discussion seems required, 
| finally Mr. Johnson says nothing about 
with the 
sal failure of the Caloric, a vessel powered 
hot-air or She 
in defiance of sound theory and was a 
loss on, I believe, her maiden voyage. 
This letter is not intended as an attack on 
Mr. Johnson and still 


sson’s obstinaey in persisting 


‘‘ealorie’’ engines. Wis 


less on Eriesson, whose 


sufficient to maintain 
putation without suppression or coloring 
et. It is an attack on lending the support 
[HE SCIENTIFIC MONTHLY to a faulty and 
sleading biographical article that will doubt 
Re ade r’s 


ntive successes are 


broadcast over the 
Digest as THE SCIENTIFIC MONTHLY’S. 

In the above discussion I have seleeted only 
Many 
could be cited and the discussion length 


world bv 


ess be 


passages to illustrate my point. 


But it hardly seemed worthwhile. 
Marston L. HAMLIN 


| am writing to comment on the short biogra 
of John Ericsson which appeared in the 
January issue of THE SCIENTIFIC MONTHLY. It 
seems to me to be of a poor quality that does 
often appear in the magazine, and if it 
represents the best efforts of a there 
sa clear mandate to stick to scientific men as 


novelist 


contributors, 

exhortative tone is hardly suitable, and 
bits of drama, the references to great but 
lemonstrated influences on subsequent  his- 
SCIENTIFI( 
The paragraphs at the end 


are neither one typical ot 
HLY articles. 
ge 15 and continuing on page 16 exemplify 
objectionable attitudes. 
reover, the policy of accepting articles 
the digest magazines does not seem ap 
riate to a scientifie periodical even if they 
of higher quality than this one. I should 
to pay somewhat higher dues in order to 
ssured of the independence of the periodi 
om outside organizations. 
publication of the 


reader comment, I would appreciate see 


Eriesson article causes 


consensus of it on your editorial page. 
Davip H,. MILLER 


‘Meet the Authors,’’? during the comment 
en Johnson, it is suggested that Reader's 

planted the article. Is it 
SCIENTIFIC MONTHLY to accept RD plants 
this the 


a poliey ot 


first occasion? 


e so many think justifiably, 


people, ] 


material 
RD, I 


so) lunbelled 


look with deep 


suspicion on any 
emanating from or ‘*republished ”’ by 
wonder if such articles should not be 
at their heading so that readers who wish to 
may apply their customary grain of salt where 
Perhaps SM does not make 


a policy of accepting plants which would seem 


it seems called for. 


to require such treatment, but RD is reputedly 
famous for slipping such material into seem 
ingly innocuous articles on the bees and flow 
ers, 

What worries me is that should SM publish 
RD plants unannounced, it might cause readers 
to lose respect for or faith in the integrity of 
the whole magazine as 
Reader’s Digest. That 
and quite undeserved. 

AUSTIN W. 


being a stooge for 


would be a great pity 
MORRILL, JR. 


Oia 


Johnson fan amone those who commented on 


Evans appears to be the only Owen 


The antagonists objected 
its laek of sei 
entifie accuracy and restraint; and its origin, 
from the Reader’s Digest. The first objee 
tion is sound, and I plead guilty of having 


“John Ericsson.” 
to the article on two counts: 


accepted a manuseript from a nonscientific 
source without checking the validity of the 
facts and interpretations given. As a rule 
we can rely on the accuracy of our articles, 
heeause most of them are written by scien 
One 


concerned 


novelist to be 
effects 


with plodding facts, and it was for the drama 


might 
with 


tists. expect a 


more dramatie than 
of Johnson’s article that I accepted it, hoping 
that the facts had been treated with respect. 
I have contended, and still assert, that it is 


possible for seientists to injeet drama into 
Lacts. I 
hoped that the article on Ericsson might en 


their stories without violation of 


courage scientists to experiment with a more 
attractive style of writing than they habitu 
ally use, exemplified recently by O. F. Evans 
on beach eusps and Paul D. Harwood on 
phenothiazine. 

The implication that there is something 
sinister in accepting an article offered by the 
Reader's Digest seems un justified. Like any 
other manuscript that we consider, the article 
Was 


on Eriesson was offered gratis, | Tree 


to aceept or reject it. In answer to reader 
Morrill’s question, this was my first occasion. 
If there should be a second, IT gill, if neces 
ask for the opinions ol 


sary appropriate 


advisers.—Ep. 
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At the fortheom 





ing meetings of the 
A.A.A.S. in St. 
Louis, Mareh 27 
30, 1946, profes 
sional science writ 
ers, representing 
the country’s great 
newspapers and 


Inagazines, will re 














port seientifie de 
velopments as revealed by papers presented 
at the meetings. As a rule, these men and 
women do not get their information by 
listening to speakers as they appear on the 
program; they must depend largely on the 
contents of manuscripts or abstracts of 
manuscripts submitted by the authors to the 
Press Service of the Association prior to 
the opening of the meetings. 

Although the information provided by sei 
entists for the use of science writers has been 
improving in recent years both in quantity 
und in quality, we feel that many scientists 
still do not fully realize the importance of 
submitting information about their work to 
the press. They may think that their work 
is of no interest to the public or that the 
science writers are not capable of reporting 
it correctly. It is true, of course, that some 
investigations are of greater interest to the 
public than others, but no scientist should 
assume that his work is too recondite to have 
meaning to laymen if properly interpreted. 
He should submit the desired manuscripts or 
abstracts and let the science writers judge 
their news value. These writers are compe 
tent scientists who ean and will report ac 
curately those features of any investigation 
that seem to them to have significance to the 
publie. They have a broader understanding 
of the advancing front of science than any 
specialist in research. It is largely through 
their reporting of scientific progress that 
public understanding and support of research 
are increased. 

Any scientist who is convinced that he owes 


SCIENTIFIC 


MONTHLY 





it to himself, his institution, and the 


to make the results of his work availal 
science writers should then take the t 

to submit adequate information abo 

work. It is most helpful to send t 
Office of the Association for the use o 
Press Service two copies of each manu 

and two copies of an abstract of it. 

abstract, if properly written, will enabl 
science writer to determine quickly whi 
the investigation should be reported; he 
then turn to the manuseript for detail 
needed. If copies of the manuscript ¢ 
be provided, the abstract should be mac 
contain all essential information: the 

pose of the work, the methods used, the 
sults obtained, and the technical signifi 
of the results. Science writers do not 
or desire abstracts written down to at 
sumed layman’s level. Technical ter 


ogy is familiar to them, and they pret 


thorough professional abstract to a seient 


bedtime story. Science writers comp 
most bitterly ol inadequate abstracts 

maries) which state only that certain p 
lems or subjects were studied without t 
exactly what was found out. Let it bi 
solved, therefore, to give the Press S¢ 


complete information. 


In the SM comments on previously 


lished articles cannot, as a rule, be imelu 


in the issue immediately following the articles 


in question. Consequently, readers may 
forgotten the contents of these articles 


the time criticisms of them appear. 


readers cannot be expected to reread the ol 


articles, it is desirable that eomments shoul 


be intrinsically interesting and underst 
able without reference to the articles 
wave rise to them. It might be desirabl 
commentators to summarize the points 
which they are commenting. 

In a few instances we have published s 
original articles in Comments and Critic 
to save space. We shall limit this pra 
and discontinue it if possible. 

FE. L. CAMPBI 

















THE SCIENCE LIBRARY 


A.A.A.S. MEETINGS, ST. LOUIS, MARCH 27-30, 1946 


Tue revival of annual meetings by the 
whole Association, after a lapse of nearly 
five years except for the meeting in 
Cleveland in 1941, brings with it the re- 
sumption of the Science Exhibition and 
one of its notable features, The Science 
Library. Scientists who have traveled 
the circuit of Association meetings in 
the past twenty years will well remem- 
ber this part of the meetings; younger 
scientists who will be attending a meet- 
ing of the Association for the first time 
have a treat in store for them. Through 


the cooperation of book publishers, uni- 
versity presses, libraries, and foreign 
governments a collection of more than 
one thousand of the most important re- 
cent scientific books and publications 


has been secured and will be placed con- 
veniently for examination. Practically 
every American publisher of scientific 
material is represented in The Science 
Library. With the help of various for- 
elgn embassies and information services, 
it is expected that there will be several 
hundred books from overseas. The in- 
clusion of foreign books on so great a 
scale is an innovation which it is hoped 
will lead to even larger exhibits as the 
years and the meetings pass. 

On the following pages there appears 
a complete list of the books submitted 
for The Science Library as this issue of 
the SM goes to press. Some publishers 
have not yet submitted the titles they 
expect to ship to St. Louis, and the time 
available after it became possible to hold 
a meeting has not been sufficient to re- 
new books from overseas. But 
they have been promised and are said to 
be on the way. It is expected that in 
the six weeks that will elapse between 
this writing and the opening of the 


ceive 


meeting in St. Louis all the necessary 
information about foreign and 
publications will be available, and it will 
be incorporated in the reprints of the 
lists to be distributed at The Science 
Library. 

The books are classified by 
branches of science. In addition, each 
publisher has keyed his titles so that 
their level of use can easily be deter- 
mined. The key letters appear at the 
end of the citation for each book and 
can be interpreted from the following 
explanation : 

B: Biography. 

GS: General Science. 

J: Juvenile. 

P: Popular. 

R: Reference. 

S: Study and Teaching. 

TH: Textbooks for High Schools. 
TU: Textbooks for University and Col- 
lege. 

The Science Library will be open from 
8:30 A.M. to6:00 P.M. Through the co- 
operation of the local universities and 
the St. Louis Public Library trained 
librarians will be in attendance all day. 
Members who wish to order copies of 
books that they have inspected may do 
so by means of the publishers’ order 
blanks, which will be forwarded to their 
offices at the end of each day. 

The staff members of the Association 
who have worked on this project extend 
an invitation to every attending member 
and visitor to among this un- 
usual collection of scientific books. The 
entire Science Library Exhibition will 
be located in the St. Louis Municipal 
Auditorium, and ample facilities will be 
available for an unhurried inspection of 
these books. 


books 
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nrr 





THE SCIENTIFIC 


General 

BAITSELL, G. A. (ed.). 

First Series. 322 pp. 
Yale. R. 

BAITSELL, G. A. (ed.). 

Second 17 


Science in 

(1st ed.) 1939. $4.00. 

Science in Progress. 

Series. 3 pp. (ist ed.) 1940. 
$4.00. Yale. R. 

BAITSELL, G. A. (ed.). 
Third Series. 322 pp. 
Yale. R. 

BAITSELL, G. A. (ed.). 
Fourth Series. 331 pp. 
$3.00. Yale. R. 


in Progress sold as set. 


Science in Progress. 
(1st ed.) 1942. $3.00. 


Science in 
(1st 


Progress. 
ed.) 1945. 


$12.50.) 

Man’s Physical Universe, rev. 

Maemillan. TU. 

FLOHERTY, J. J. Behind the Microphone. 207 
pp. (1st ed.) 1944. $2.00. Lippincott. J. 

FLOHERTY, J. J. Flowing Gold. 256 pp. (lst 
ed.) 1945. $2.50. Lippincott. P. 

FLOHERTY, J. J. Inside the F.B.I. 192 pp. 
(1st ed.) 1942. $2.00. Lippincott. P. 


Storehouse of Civilization. 562 
1939. $3.25. Columbia Uni- 


BAWDEN. 832 


pp- $4.00. 


FuRNAS, C. C. 
pp. (1st ed.) 
versity. R. 

GILL, HENRY V. 
Science. viii plus 136 pp. 
1945. Reg. ed., cloth: $2.50. 
versity Press. P. 


Fact and Fiction in Modern 
(2nd printing) 
Fordham Uni- 


GILL, Henry V. Fact and Fiction in Modern 
Science. viii plus 136 pp. (2nd printing) 
1945. College ed., paper: $1.00. Fordham 
University Press. TU. 

MoricL. Hermie’s 

(1st printing) 1945. 


House ° 
Cattell. 


Trailer 


$1.25. 


GUBERLET, 
32 pp. 
Things 
288 


HARRISON, GEORGE RussELL, How 
Work: Science for Young Americans. 
pp. (1st ed.) 1941. $2.75. Morrow. J. 

Huntinaton, E. Mainsprings of Civilization. 
660 pp. (1st ed.) 1945. $4.75. Wiley. TU. 

Iuin, M. (pseud). Ring and a Riddle. 70 pp. 
(1st ed.) 1944. $2.00. Lippincott. J. 

InIn, M. (pseud). 100,000 
(Ist ed.) 1933. $1.60. 

Low. Science Looks Ahead. 
1942, $4.50. Oxford. J. 

Lucas, J. M. Indian Harvest. 120 pp. (1st 
ed.) 1945. $2.00. Lippincott. J. 

MacNem. Between Earth and Sky. 
(1st ed.) 1944. $1.50. Oxford. J. 

McConngELL, J. Nurse, Please! 18 pp. 
ed.) 1944. $1.00. Lippincott. P. 

Moore, Dom, T. V. Principles of Ethics. 405 
pp. (ist ed.) 1943. $3.00. Lippincott. R. 


Whys. 137 pp. 
Lippincott. J. 
640 pp. (1st ed.) 


64 pp. 


(1st 


Progress. 


(Four volumes of Science 


MONTHLY 


Careers in Science. 


E. P. Dutton. P. 


POLLACK, PHILLIP. 
(1st ed.) 1945. $2.75. 

Science in Soviet Russia, A 
Papers Presented at Congress of American 
Soviet Friendship New York City. 100 | 
(1st printing). 1944, $1.50. Cattell. 

SELL. Comprehensive English-Spanish Tech 
cal Dictionary. 1400 pp. (1st ed.) 1944 
$30.00. MeGraw-Hill. 

VAN NOSTRAND. Scientific Encyclopedia. 1234 
pp. (1st ed.) 1938. $10.00. Van Nostrand 
R. 

Yates, R. F. 
(1st ed.) 1939. 

Year Book No. 48. 
$1.50 eloth. 

Yost, E. 
(1st ed.) 1943. 

Yost, E. Modern 
Invention. 269 pp. 
Lippincott. B. 


Symposium 


Machines over Men. 250 pp. 
$2.00. Lippincott. R. 
206 pp. 1944. 


Carnegie Inst. R. 


$1.00 pape 


American Women of Science. 
$2.00. 
Americans in Science and 


(Ist ed.) 1941. $2.0 


90 
ava PI 
I 


Lippincott. B. 


Aeronautics 


BENHAM, H. E. 

(Ist ed.) 1945. 
FLOHERTY, J. J. 
(1st ed.) 1941. 


Aerial Navigation. 344 pp. 
$4.00. Wiley. TU. 
Aviation from Shop to Sky. 
209 pp. $2.00. Lippincott. 
Elements of Aerofoil and Airscr 
$3.50. Maemillan. R. 
Astronomical Air Na 
1944. $2.50. 


GLAUERT. 
Theory. 228 pp. 
HADINGHAM, RONALD. 
gation. 132 pp. 

TU & R. 

KELLS, KERN, and BLAND. 
pp. (ist ed.) 1943. $5.00. 
Tu. 

LIMING. 
Applications to 
Maemillan. TU. 

Meteorology for Pilots. 259 pp. 
ed.) 1945. $3.00. McGraw-Hill. TU. 

NIKOLSKY, ALEXANDER A. Notes on Heli 
copter Design Theory. 236 pp. (lst ed. 
1944. $3.00. Princeton. R. 

PARKINSON. Aerodynamics. 
Maemillan. P. 

Roserts, Henry W. Aviation Radio. 
(1st ed.) 1945. $5.00. Morrow. P. 

SERRALES. English-Spanish and Spanish-E1 
glish Dictionary of Aviation Terms. 131 p 
(Ist ed.) 1944. $2.50. McGraw-Hill. 

NICHOLS, WALLING, and HILu. 

146 pp. $1.50. 


Crowell. 


Navigation. 47! 
McGraw-Hill 


with 


$4.50. 


Analytic Geometry 
328 pp. 


Practical 
Aircraft. 


MUDGE. 


112 pp. $2.20. 


652 pp. 


STEWART, 
craft Navigation. 
millan. TU. 





THE SCIENCE LIBRARY 279 


ERNEST G. Visibility Unlimited: An 
roduction to the Science of Weather and 
Art of Practical Flying. 356 pp. Illus. 

Ist ed.) 1942. $4.00. Morrow. P. 
Theory of Flight. (1st ed.) 1945. 
YO 


"on MISES. 

¢5.00. MeGraw-Hill. 
Agriculture 

ERSON. Introductory Animal Husbandry. 

(77 pp. $4.00. Maemillan. TU. 

i, E. H., and Carp, L. E. Diseases and 
Parasites of Poultry. 399 pp. (8rd ed.) 
l $3.75. Lea & Febiger. TU. 
SAVER, L. D. 370 pp. 
1940. $4.00. 


Soil Physics. (1st ed.) 
Wiley. TU. 
<TER, D. V. Pathology in Forest Practice. 
627 pp. (1st ed.) 1943. $5.50. Wiley. TU. 
BiesteR, H. E., and DE VRIES, Louis, (ed.). 
Diseases of Poultry. 1,020 pp. (1943, 3rd 
printing 1945) $8.50. Collegiate, Press, Inc. 


hl 
i. 


Food Enough. 280 pp. (1st 
$2.50. Cattell. P. 

The Reconstruction of World 

416 pp. (1st ed.) 1945. $4.00. 


LACK, JOHN D. 
printing) 1943. 
BRANDT, KARL, 
{griculture. 
Norton. P. 
Farmers of the World. 
32.50. Columbia. 


NNER, E. DES. 
208 pp. (1st ed.) 1945. 
suNcE, ARTHUR C. Economics of Soil Conser- 
vation. 227 pp. (1st ed.) 1942. $3.00. 
Collegiate Press, Inc. R. 

‘HANDLER, W. H. Deciduous Orchards. 438 
(1st ed.) 1942. $4.50. Lea & Febiger. 


'LARKE, 
228 pp. (3rd ed.) 1941. $2.25. Oxford. S. 
PE, Dwieut. Secretion of Milk. 350 pp. 
1938, 3rd ed. 1945) $3.25. Collegiate Press, 
Ine, i i 
RAHAM, 
288 pp. 


The Study of the Soil in the Field. 


Natural Principles of Land Use. 
(Ist ed.) 1944. $3.50. Oxford. P. 

Soils ¢ Soil Management. 424 
$3.00. McGraw-Hill. 


STAFSON. 
pp. (1st ed.) 1941. 
is 
\MMER, B. W. Dairy Bacteriology. 
2d ed.) 1938. $5.00. Wiley. TU. 

HOGNER. Farm Animals. 196 pp. (1st ed.) 
1945. $3.50. Oxford. J. 

Miuuar, C. E., and Turk, L. M. 
of Soil Science. 462 pp. 
$3.75. Wiley. TU. 

KRYNINE. Soil Mechanics. 451 pp. 
1941. $5.00. MeGraw-Hill. TU. 

Lusu, JAy L. Animal Breeding Plans. 444 
pp. (1937, 3rd ed. 1945) $3.50. Collegiate 
Press, Inc. T. 
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$7.50 (paper). Chronica Botanica Co. 

VERDOORN, FRANS (ed.). Plants and Plant 
Science in Latin America. xi plus 384 pp. 
1945. $6.00. Chronica Botanica, 

WHITE. 
pp. $12.00. 

WHITE, 
Tissue 
1943. 

WILSON, CHARLES B. Copepods of the Plankton 
Gathered During the Last Cruise of the Car 


$3.50 


$3.50. 


Bacteriology—A 
(3rd_ ed.) 


$2.00. 


Animal Cytology and Evolution. 360 
Maemillan. R., 

PHitip R. A Handbook of Plant 
Culture. 278 pp. (1st printing) 
$3.75. Cattell. R. 


1942. $2.50 paper; 


Inst. GS. 


negve. 937 pp- 
cloth. Carnegie 
WILSON, PERRY W. 
Nitrogen Fixation. 302 pp. (lst 

$3.50. Univ. of Wisconsin. R. 
Hayfe ver Plants, Their 1p 
of Flou 


245 pp. 


The Biochemistry of Symbi 
otic ed.) 
1940, 
WODEHOUSE, R. P. 
pearance, Distribution, Time 
and Their Role in Hayfever. 
$4.75. Chroniea Botanica Co. 
W., HYLANDER, CLARE) 
H { (7 
Surv 


World of Life: A & 


ring 


1945. 


YOUNG, CLARENCE 
and STEBBINS, G. L. T he Organism 
and the 
cal Science. 657 pp. 
Harper. TU. 

Yocum, L. E. Plant 

1945, 


Growth. 
Cattell. 


$3.00. 


printing) 
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ApAMs, R. Organic Reactions, Vol. I. 391 
pp. (1st ed.) 1942. $4.00. Wiley. TU. 
ApAMs, R. Organic Reactions, Vol. II. 461 
pp. (1st ed.) 1944. $4.50. Wiley. TU. 
ADKINS, Homer. Reactions of Hydrogen With 
Organic Compounds Over Copper-Chromium 
Oxide and Nickel Catalysts. 178 pp. (1st 
ed.) 1937. $3.00. Univ. of Wisconsin. R. 
ALEXANDER, JEROME. Colloid Chemistry. Vol. 
5. 1257 pp. (1st ed.) 1944. $20.00. Rein- 

hold. R. 

ALEXANDER, JEROME. 
6. 1215 pp. (1st ed.) 1946. 

ANDERSON, HAROLD V., and HAZELHURST, 
THOMAS H. Qualitative Analysis. 266 pp. 
(Rev. 3rd ed.) 1944. $2.75. Prentice-Hall. 

ANSON, M. L., and EpsAL, JoHN T. (ed.). Ad- 
vances in Protein Chemistry. Vol. I. 341 
pp. 1944. $5.50. Vol. II. 443 pp. 1945. 
$6.50. Academic. TU, R & 8S. 

ARENSON, SAUL B. How to Solve Problems in 
Quantitative Analysis. 89 pp. (lst ed.) 
1942. $.75. Crowell. TU. 

ARENSON, SAvUL B., and RIEVESCHL, GEORGE. 
Introduction to Quantitative Analysis. 386 
pp. (1st ed.) 1944. $2.75. Crowell. TU. 

ARENSON, SAUL B., and RIEVESCHL, GEORGE. 
Laboratory Notebook for Introduction to 
Quantitative (1st ed.) 
1944, $.75. 

ARTHUR and SMITH. 
Analysis. 322 pp. 
McGraw-Hill. TU. 

Basor, Jos. A. Basic College Chemistry. 700 
pp. (approx.) 1946. $3.75 (prob.). Crowell. 
TU. 


Colloid Chemistry. Vol. 
Reinhold. R. 


Analysis. 92 pp. 
Crowell. TU. 
Semimicro Qualitative 


(2nd ed.) 1942. $2.75. 


Periodic Table Based on Elec- 
1944. $.60 per dozen. 


Basor, Jos. A. 
Configuration. 
cu. 
3ABOR, Jos. A., and KREMER, CHESTER B, 
How to Solve Problems in General Chemistry. 
88 pp. (1st ed.) 1941. $.75. Crowell. TU. 

BApor, Jos. A., and LEHRMAN, ALEXANDER. 
General College Chemistry. 659 pp. (2nd 
ed.) 1940. $3.75. Crowell. TU. 

Basor, Jos. A., and LEHRMAN, ALEXANDER. 
Laboratory Manual for Introductory Col- 
lege Chemistry. 284 pp. (Enl, ed.) 1944. 
$1.75. Crowell. TU. 
3ABoR, Jos. A., and LEHRMAN, ALEXANDER. 
Selected Experiments from Laboratory Man- 
ual for Introductory College Chemistry. 128 
pp. (1st ed.) 1944. $1.00. Crowell. TU. 

Jos. A., and LEHRMAN, ALEXANDER. 

Manual for General College 


tron 
Crowell. 


BABOR, 
Laboratory 





Chemistry. 289 pp. 
Crowell. TU. 

Basor, Jos. A., and LEHRMAN, ALEXANDER, 
Introductory College Chemistry. 662 py 
(2nd ed.) 1941. $3.50. Crowell. TU. 

Basor, Jos. A., and THIESSEN, GARRETT W, 
How to Solve Problems in Physical Che 
istry. 215 pp. (lst ed.) 1944. $1.25, 
Crowell. TU. 

BaBor, Jos, A., and MACALPINE, J. KENNETH 
W. How to Solve Problems in Qualitativ 
Analysis. 93 pp. (1st ed.) 1943. 
Crowell. TU. 

BACHMANN, W. E. 


(Rev. ed.) 1940. $1.75 


Organic Syntheses, Vol. 25, 
120 pp. 1945. $2.00. Wiley. TU. 

BAMANN, E., and MyYRBAECK, K. (ed.). Die 
Methoden der Fermentforschung (a reprint 
4 volumes, 3385 pp. $65.00. Academic. R. 

BeBiE. Manual of Explosives, Military Pyro 
technics and Chemical Warfare Agents. 139 
pp. $2.50. Macmillan. R. 

BELL. American Petroleum Refining. 619 py 
(3rd ed.) 1945. $7.50. Van Nostrand. R. 
BERRY. Modern $2.50, 
Macmillan. R. 
BIRCHER, Louis J. 
Brief Course. 429 pp. 
tice-Hall. 
BuaTT, A. H. 
Vol. II. 663 pp. 
Wiley. TU. 
BoDANSKY, M. 
Chemistry. 
Wiley. TU. 
BootH and DAMERELL. 
303 pp. (2nd ed.) 1944. 

Hill. TU. 
3RANCH, GERALD FE. K. The Theory of Organic 
Chemistry: An Advanced Course. 523 pp. 
1941. $4.00. Prentice-Hall. 
BRINKLEY. Introductory General Chemistry. 
645 pp. (3rd ed.) $4.00. Maemillan. TU. 
3RODE, W. R. Chemical Spectroscopy. 679 pp. 
(2nd ed.) 1943. $7.50. Wiley. TU. 
A., and ZERBAN, F. W. Physical 
Methods of Sugar Analysis. 
1941. $15.00. Wiley. 


Chemistry. 250 pp. 


Physical 
1940. 


Chemist rg; A 
$3.00. Pren- 


Organic Syntheses, Collective, 
(Ist ed.) 1943. $6.50. 


Physiological 


$4.00. 


Introduction to 
686 pp. (4th ed.) 1938. 


Quantitative Analysis. 
$2.50. MeGraw 


Brown, ©. 
and Chemical 
1353 pp. (38rd ed.) 
TU. 

BRUNAUER, STEPHEN. The Adsorption of Gases 
and Vapors: Volume I—Physical Adsorption. 
520 pp. (1st ed.) 1943. $7.50. Princeton. 
R. 

Butt, H. B. Physical Biochemistry. 347 pp 
(1st ed.) 1943. $3.75. Wiley. TU. 

Chemical Crystallography: An 


BUNN. Intr 
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duction to Optical and X-Ray Methods. 401 
pp. (1st ed.) 1945. $7.50. Oxford. S. 
ABRAHAM, and TRUMPER, MAS, 
Clinical Biochemistry. 647 pp. 29 illus. 
(3rd ed.) 1945. $6.50. Saunders. 
CHaPin, W. H., and STEINER, L. E. 
Year College Chemistry. 573 pp. 
1943. $3.75. Wiley. TU. 
CHERONIS, NICHOLAS D., and ENTRIKIN, JOHN 
B. Semimicro Qualitative Organic Analysis. 
450 pp. (approx.) 1946. $3.75 (prob.). 
Crowell. TU. 
CHERONIS, NICHOLAS D, 
Organic Chemistry. 
Questions and Report Forms. 
2.75. Crowell. TU. 
NicHoLas D. 
(Ist ed.) 1941. 


CANTAROW, 


Second 
(5th ed.) 


Semimicro and Macro 
388 pp. plus 110 pp. of 
(1st ed.) 1942. 


Organic Chemistry. 
$4.00. Crowell. 


CHERONIS, 
728 pp. 
Es 
‘LARK, E. P. 
Analysis. 
TU, 

‘oirH. So You 
pp. (1st ed.) 1943. 

COONAN, FREDERICK L. 
Metallurgy. 238 pp. 
Harper. TU. 
REIGHTON, H. J., and KOEHLER, W. A. Prin- 
ciples and Applications of Electrochemistry, 
yOu. i. 477 pp. (4th ed.) 


$5.00. 


Semimicro Quantitative Organic 
135 pp. 1943. $2.50. Academic. 


Want to be a Chemist? 128 
$1.50. MeGraw-Hill. 

Principles of Physical 
(1st ed.) 1943. $3.25. 


Principles. 
Wiley. TU. 
REIGHTON, H. J., and KOEHLER, W. A. Prin- 

ciples and Applications of Electrochemistry, 

Vol. II. Applications, 573 pp. (2nd ed.) 

$5.00. Wiley. TU. 

DALLA VALLE, J. M. 
nology of Fine Particles. 
1943. $8.50. Pitman. R. 

DANIELS, MATHEWS, and WILLIAMS. 
mental Physical Chemistry. 236 pp. 
ed.) 1941. $2.50. MeGraw-Hill. TU. 
EMING, H. G. General Chemistry. 706 pp. 

oth ed.) 1944. $3.75. Wiley. TU. 

Demine, H. G., and HENpkrICKs, B. C., 
ductory College Chemistry. 521 pp. 
ed.) 1942. $3.00. Wiley. TU. 

Doe, M. The Glass Electrode. 332 pp. 

1941. $4.50. Wiley. TU, 

KaLorr, Gustav. Physical Constants of Hydro- 

Vol. I1I—Mononuclear Aromatics 
Hydrocarbons. 665 pp. (lst ed.) 1946, 
$15.00. Reinhold. R. 

ENGELDER, C. J. 
ord ed.) 1942. 

ENGELDER, C. J. 
pp. (8rd ed.) 


Micromeritics: The Tech 
428 pp. (lst ed.) 


Experi- 
(3rd 


Intro- 
(2nd 


(ist 
ed.) 


carbons, 


Qualitative Analysis. 
$2.50. Wiley. TU. 
Quantitative Analysis, 283 
1943. Wiley. TU. 


344 pp. 


bo 7 
Po.fvd. 
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DUNKELBERGER, T. H., and 
Semi-Micro Qualitative 
(2nd ed.) 1940. $2.75. 


ENGELDER, C. J., 
SCHILLER, W. J. 
Analysis. 305 pp. 
Wiley. TU. 

Eyrina, H., WALTER, J., and 
Quantum Chemistry. 364 pp. 
$5.00. Wiley. TU. 

Fritz. Laboratory Manual of 
276 pp. 1943. $3.90. 


KIMBALL, G. E. 
(lst ed.) 1944. 

FEIGL, Spot 
Tests. 
a Us 

FIESER, Louis F., and MARY. 
istry. 1103 pp. (1st ed.) 
Heath, TU. 

FIEsER, Louis F., and Mary. 
istry, Abridged. 710 pp. 
$4.00. Heath. TU. 

Foster, A. Introduction to General Chemistry. 
790 pp. 1941. $3.75. Van Nos 
trand. 


Academie. 


Organic Chem- 
1944, $6.00. 


Organic Chem- 
(Ist ed.) 1944. 


(2nd ed.) 
dig is 
Fotos, J. T., and Bray, J. L. 

Readings in Chemical and Technical German. 
(1st ed.) 1941. Wiley. TU. 
Fotos, J. T., and SHREVE, R. N. Intermediate 

Readings in Chemical and Technical German. 

219 pp. (1st ed.) 1938. $1.90. Wiley. TU. 
Fotos, J. T., and SHREVE, R. N. Advanced 

Readings in Chemical and Technical German. 
(1st ed.) 1940. Wiley. TU. 


German Gram 


Introductory 


303 pp. $2.50. 


$2.50. 


304 pp. 
Foros, J. T., and Bray, J. L. 
mar for Chemists and Other Science Students. 
Wiley. TU. 
Introduction to Industrial 
1945. McGraw- 
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323 pp. (1st ed.) 1938. $2.25. 


FRIER and HOLLER. 


Chemistry. (1st ed.) $3.00. 
Hill. TH. 
Fuson, R. C., 
Chemistry. 

Wiley. 
GETMAN, F. H., and 

Physical Chemistry. 

Wiley. TU. 
Optical Methods of Chemical Analysis. 
(Ist ed.) 1942. MeGraw 


R. Organic 
1942, 


SNYDER, H. 
(lst ed. ) 


and 
506 pp- $3.50. 
Outlines of 


1943, 


DANIELS, F., 
691 pp. (7th ed.) 
$3.75. 

GIBB. 
391 pp. 
ais «LU 

GILMAN, H. 
ed.) 1943. 
TU. 

GILMAN, H., and Buatt, A. H. 
theses, Collective Vol, I. 
1941. $6.00. Wiley. TU. 

GORTNER, R. A. Outlines of Biochemistry. 1017 
pp. (2nd ed.) $6.00. Wiley. TU. 

GRAHAM, HEBERT W., and MoBERG, ERIK A. 
Chemical Results of the Last Cruise of the 

1944. $1.00 paper; $1.25 

Carnegie Inst. 


GS. 
Hackh’s Chemical Diction 


$5.00. 


2nd 
Wiley. 


2096 pp. 


II $7.50. 


Organic Chemistry. 
Vol. I $7.50; Vol. 


Organic Syn 


580 pp. (2nd ed.) 


1938. 


Carnegie. 
cloth. 
GRANT, J 


58 pp- 


(rev. by). 
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ary. 
$8.50. 

HAYNES. 
II. 440 pp. 
Nostrand. R. 

HEILBRON, BUNBURY, and others. Dictionary of 
Organic Compounds. 2794 pp. (2nd ed.) 
1943. (Three Volumes) $75.00 set; $30.00 
per volume. Oxford. R. 

HEvuSER, E. Chemistry of Cellulose. 
(Ist ed.) 1944. $7.50. Wiley. TU. 

Hitt, G. A., and Kreiury, L. Organic Chem- 
istry. 919 pp. (1st ed.) 1943, reprinted 
1945. $4.00. Blakiston. TU. 

Hoae, A. B. Chemistry Course for High Schools. 
544 pp. (1st 1945. $2.00. Van Nos- 
trand. TH. 

HoutMES, Qualitative Analysis: A Brief Out- 
line. $1.10. Maemillan. TU. 

HopkKINS, B. SMITH, and BAILAR, JOHN C., JR. 
Essentials of General Chemistry. 525 pp. 
(1st ed.) 1946. $3.50. Heath. TU. 

SmitH. General Chemistry for 
Colleges. 764 pp. (8rd ed.) 1942. $3.80. 
Heath. TU. 

HuNT, HERSCHEL. 
(approx.). 1946. 
(UR 

JACOBSON, C. A. 
Reactions. 804 pp. 
Reinhold. R. 

JENKINS, G. L., and HArtunea, W. H. 
istry of Organic Medicinal Products. 
(2nd ed.) 1948. $6.50. Wiley. TU. 

Introduction to Physical Bio- 

Illus. 1941. 2.75. 


925 pp. (38rd ed.) 1944, reprinted 1946. 
Blakiston. R. 

American Chemical Industry. 
(1st ed.) 1945. $8.00. 


Vol. 
Van 


660 pp. 


ed.) 


52 pp. 


HopkKINsS, B. 


Physical Chemistry. 
$4.75 (prob.). 


650 pp. 
Crowell. 


of Chemical 
$10.00. 


Encyclopedia 
(1st ed.) 1946. 


Chem- 
675 pp. 


JOHLIN, J. M. 
chemistry. 241 pp. 
Hoeber. R&S. 

JONES, PARK J. Petroleum Production. 
I—Mechanies of Production. 230 pp. 
ed.) 1946. $4.50. Reinhold. R. 

KANNING, EUGENE W. 
(Revised.) 471 pp. 
tice-Hall. 

Kerk, RALPH W. 
Starch. 472 pp. 
KING, W. BERNARD. 
General Chemistry. 288 pp. 

Prentice-Hall, 


Vol. 
(1st 


Quantitative Analysis. 
1941. $2.75. Pren- 


Chemistry and Industry of 
1944, $8.50. Academie. 8S. 

Semimicro Experiments in 
1941. $2.50. 


KINGzETT. Chemical Encyclopedia. 1088 pp. 
(6th ed.) 1940. $14.00. Van Nostrand. R. 

KoutHorr & SANDELL. Textbook of Quantita 
tive Inorganic Analysis. 794 pp. (Rev. ed.) 
$4.50. Maemillan. TU. 

LIKES, CARL J., and HARVEY, AUBREY E. First 
Year Qualitative Analysis. 150 pp. (approx.). 
1946. $1.50 (prob.). Crowell. TU. 
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Introduction to 
(6th ed.) 1945 


and Harrow, B. 
448 pp. 


Lowy, A., 
Organic Chemistry. 
$3.50. Wiley. TU. 

LYNN, W. V. Organic Chemistry. 355 
(2nd ed.) 1945. $4.50. Lea & Febiger. 

MacDouGatt. Physical Chemistry. 722 
(Rev. ed.). $4.25. Maemillan. TU, 

MASON and MANNING. Technology of Plastics 
and Resins, 493 pp. (1st ed.) 1945. 
Van Nostrand. R. 

MCELVAIN. The 


$6.50 


Characterization of Organi 
Compounds. 282 pp. $3.40. Macmillan. TU 

McLAUGHLIN, G. C., and THEIS, E. R. Th 
Chemistry of Leather Manufacture. 800 pj 
(1st ed.) 1945. $10.00. Reinhold. R. 

MELLON, M. G. Quantitative Analysis Record 
Book. 30 pp. plus 168 pp. ruled ledger sheets 
(1st ed.) 1944. $.75. Crowell. TU. 

MEYER, MArTIN. The Science of Explosives. 
452 pp. (1st ed.) 1943. $4.50. Crowell 
LU, 

MIDDLETON, A. R., and WILLARD, J. W. 
micro Qualitative Analysis. 456 pp. 1939 
3.50. Prentice-Hall. 

COUNCIL. 


Semt- 


Chemistry of 
1860 pp. Vols. I and II. 
$20.00. Wiley. TU. 
ABBOTT, T. W., and VAN 
Experimental General Chem 
(1st ed.) 1940. $1.75. Crowell 


NATIONAL RESEARCH 
Coal Utilization. 
(1st ed.) 1945. 

NECKERS, J. W., 
LENTE, K. A. 
istry. 276 pp. 
i OR 

NIEUWLAND, Rev. J., and Voet, R. R. Th 
Chemistry of Acetylene. 219 pp. (lst ed.) 
1945. $5.00. Reinhold. R. 

NoRMAN. The Biochemistry of Cellulose, the 
Polyuronides, Lignin, etc. 242 pp. (Ast ed 
1937. Oxford. S, 

PALMER. Valency: Classical and Modern. 21 
pp. $2.50. Macmillan. R. 

PatrerRson, A. M. French-English Dictiona 
for Chemists. 384 pp. (1st ed.) 1921. $3. 
Wiley. TU. 

PATTERSON, A. M. German-English Diction 
for Chemists. 411 pp. (2nd ed.) 1935. ¢ 
Wiley. TU. 

PAULING, LINUS. 
Bond and the Structure of Molecules and 
Crystals: An Introduction to Modern Sti 
tural Chemistry. xvi plus 450 pp. (2nd ed 
1940. $4.50. Cornell University Press. Tl 

PEASE, Ropert N. Equilibrium and Kinetics 
Gas Reactions: An Introduction to the Q 
tum-Statistical Treatment of Chemical Pri 

(1st ed.) 1942. $3.75. Prince- 


$5.50. 


The Nature of the Chemical 


esses. 246 pp. 
ton. S. 
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Organic 
$6.00. 


STANLEY; and KIpPiINna, F, BARRY). 
Chemistry. 1029 pp. (8rd ed.) 1940. 
Crowell. TU & R. 
RSON, WILLIAM H. 
291 pp. 


Elements of Food Bio- 
hemistry. 1943. $3.00. Prentice- 
Hall. 

rcE, W. C., and HAENIScH, E. L. Quantita- 
Analysis. 462 pp. (2nded.) 1940. $3.00. 
Wiley. TU. 

PiamMAN, W. W., and Wourrom, M, L. Ad- 
vances tn Carbohydrate Chemistry. Vol. I. 
374 pp. (1945.) $6.00. Academic. TU, R 
& S. 

Powers, P. O. 
206 pp- (1st ed.) 1943. 

PrescoTT and JOHNSON. 

707 pp. (2nd ed.) 19383. 
Van Nostrand. TU. 

1TON & MARON. Fundamental Principles of 
sical Chemistry. 780 pp. $4.50. Mace- 
lan. TU. 
opm Js 
anie Chemistry. 
Wiley. TU. 

RicuTER, G. H. Textbook of Organic Chemistry. 
760 pp. (2nd ed.) 1943. $4.00. Wiley. TU. 

Laboratory Practice of Organic 

Chemistry. 369 pp. (Rev. ed.) $2.50. Mace- 
LU; 

Manual of Industrial Chemistry. 1721 

$17.00. Van Nostrand. 


Drr 


pit 


Synthetic Resins and Rubbers. 
$3.00. Wiley. TU. 
Qualitative Chemical 
$4.50. 


Analysis. 


Electronic Interpretation of Or- 
474 pp. 1943. $4.50. 


millan, 


pp. (6th ed.) 1942. 
R. 

Photochemistry and 
he Mechanism of Chemical Reactions. 496 
1939. $5.75. Prentice-Hall. 

A. N. Chemical Constituents 
Petroleum. 451 pp. (1st ed.) 1945, 
Reinhold. R. 

0 and Brown. Plastics in 
(Ist ed.) 1945. $4.00. 
Standard Methods. 

$17.00. 


Pp- 
CHANEN, of 
$8.50. 


Practice. 185 
McGraw-Hill, 
2811 pp. (5th ed.) 
Van Nostrand. R. 
Chemical Process Industries. 
$6.00. McGraw-Hill. TU. 
The Organic Chemistry of Nitrogen. 
Ed. rev. and rewritten by T. W. J. Taylor 
and Wilson Baker.) 611 pp. 1937. 
Oxford. S. 
H. R. 
rd ed.) 1945. 
German-English Dictionary of Metal 
(Ist ed.) 1945. $4.00. Me 


(1st ed.) 
IDGWICK. 
$8.90 
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Industrial Plastics. 
Pitman. R. 


Pp. 
$5.00. 


gy. 298 pp. 
Graw-Hill. 

D and MAYNARD. 
siry. 1166 pp. (1st ed.) 1942. 
Nostrand. TU. 


General Inorganic Chem- 
$4.50. Van 


987 


Methods 
MeGraw- 


Commercial of 


1944. 


and BIFFEN. 
( Ist ed. 


SNELL 
Analysis. 
Hill. 

SPENCER, G. L., 
for Sugar 
Chemists. 834 pp. 
Wiley. TU. 

STEACIE, E. W. R. 
Reactions. 550 
Reinhold. R. 

SUMNER, JAMES P., and Somers, FRED. Labo- 
ratory Experiments in Biological Chemistry. 
169 pp. 1944. Academic. TU. 

SUMNER, JAMES P., and Somers, FRED. Chem- 
istry and Methods of pp. 
1943. $5.00. Academic. 

Suter, C. M. 
858 pp. (ist 
TU. 

TAYLOR and GLASSTONE. 
Chemistry. 677 pp. 
Van Nostrand. TU. 

TimM. General Chemistry. 692 pp. 
1944. Hut TU. 

WALKER, J. FREDERICK. Formaldehyde. 
pp. (ist ed.) 1945. $5.50. Reinhold. R. 

WELLS. Structural Inorganic Chemistry. 
pp. (1st ed.) 1945. Oxford. S. 

WENDT, G. Chemistry. 300 pp. (lst 
1942. $2.25. Wiley. TU. 

WERTHEIM, E. Laboratory Guide for Organic 
Chemistry. pp- ed. 1940, re 
printed 1945. $2.00. Blakiston. TU. 

Organic 

1942, 

TU. 

Textbook of Organic Chemistry. 

1945. Blakiston. 


$6.00. 


Handbook 
Their 


1945. $7.50. 


and MEADE, G. P. 
Manufacturers 
(8th ed. 


Cane and 


Rad cal 


$8.00. 


Atomic and Free 
pp. (1st ed.) 1946. 


$2.60. 
Enzymes. 365 
TU & BS. 

Organic Chemistry of Sulfur. 


1944. Wiley. 


ed. ) $10.00. 


on Ph ysical 
1942, 


Treatise 
(3rd ed.) $7.50. 
(1st ed.) 
$3.75. MeGraw 
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600 
$7.50. 
ed. ) 


560 (2nd 


Introductory Chem 
(1st ed.) 
Blakiston. 


WERTHEIM, E. 
482 
$3.00. 


istry. reprinted 

1945. 
WERTHEIM, F. 
pp. 2nd ed.) 


pp: 


867 #4.00, 
TU. 

WERTHEIM, E. 

221 pp. 


$1.35. 


Chem 


reprinted 


Experiments in Organi 
(Ist ed.) 1942, 
Blakiston. TU. 

Theory of Resonance and Its 


316 pp- 


try. 
1945. 
WHELAND, G. W. 
Application to Organic Chemistry. 
(1st ed.) 1944. Wiley. TU. 
WHITMORE. Organic Chemistry. 1090 pp. 
1937. $7.50. Van R. 


t 
bi tat 
intitative 


$4.50. 
( lst 
ed. Nostrand. 
WILLARD DIEHL. Advanced ( 
Analysis. 457 
Van Nostrand. 
WILLARD I N. flementary Quantt- 
tative Analysis. 531 pp. (3rd 1940. 
$3.25. Van Nostrand. TU. 
WINTON, A. L., and WINTON, K. B. 
of Foods. ed. 
Wiley. TU. 


and 


$4.79. 


and 


ed.) 


Analysis 


YOY pp. lst 1945. % | 00, 
I 
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Ger- 
$4.50. 


Yor, JoHN Howe, and BURGER, ALFRED. 
man for Chemists. 538 pp. 1938. 
Prentice-Hall. 

Yost, DAN M., and RUSSELL, JR., 
Systematic Inorganic Chemistry. 
1944. $4.50. Prentice-Hall. 

YounG, Leona E., and Porter, G. W. General 
Chemistry; A First Course, Revised g& Labo- 
ratory Manual to accompany it. pp. 
1943. $3.75. Prentice-Hall. 

Archives of Biochemistry. 
—3 volumes yearly. Vols. 9-11, 1946. 
per vol. Academic. 


HORACE. 
423 pp. 
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3 issues to a volume 
$5.50 


Journal of Colloid Science, bi-monthly (new). 
1 vol. a year, $10.00. Academic. 


Dentistry 

BurKET, L. Oral Medicine. 600 pp. (lst ed.) 
1946. $12.00. Lippincott. R. 

Hint, T. J. A Text-Book of Oral Pathology. 
407 pp. (8rd ed.) 1945. $6.50. Lea & 
Febiger. TU. 

MARIE, JOSEPH 8. F. English-Spanish, Spanish- 
English, Dental Vocabulary. 182 pp. (lst 
printing) 1943. $4.00. Cattell. R. 

V. H. Basic Principles in Dentistry. 

pp. (1st ed.) 1942. $3.50. Pitman. 


SEARS, 
195 
2U. 

Education 


Science Experiences for 
Elementary Schools. 99 pp. (1st ed.) 1942. 


AREY, CHARLES K. 
$.95. 
BAKER. 
496 pp. 
Bonp and 
356 pp. 
COLE, 
je cts. 


Columbia University. S. 
Introduction to Exceptional Children. 
$3.50. Maemillan. TU. 

Bowp. Teaching the Child to Read. 

$3.00. Macmillan. TU. 

The Elementary School Sub- 

1946. $3.00. Rinehart. TU. 

EINARSSON, STEFAN. Icelandic: Grammar, 
Text, Glossary. 538 pp. 19 illus, 1945. 
$5.50. Johns Hopkins. 

GUILFORD. 
ogy and Education. 
$3.25. MeGraw-Hill. TU. 

Curriculum Principles and _ Social 

$3.50. Maemillan. TU. 
The Craftsman Prepares 
$2.00. Maemillan. TU. 

Philosophy of Education. 

ed.) 1942. $3.25. Van 


LOUELLA. 
455 pp. 


Fundamental Statistics in Psychol- 
333 pp. (1st ed.) 1942. 


GWYNN. 

Trends. 
JACKEY and BARLOW. 

to Teach. 184 pp. 
KNODE. American 
pp- (1st 
Nostrand. TU. 
First Course in Education, rev. 
Maemillan. TU. 
Outlines & Exercises 
in Education. 133 pp. 
‘hy Of 


630 pp. 
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REEDER. 656 
pp. $3.50. 
for a First 
$1.25. Mace- 


REEDER. 
Course 
millan. 
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Foundations of Moder 
1942. $3.00. 


ELMER H. 
690 pp. 


WILDS, 
Education. 
hart. TU. 

WRINKLE, W. L., and GILCHRIST, R. S. See. 
ondary Education for American Democracy. 

1942. $2.75. Rinehart. TU. _ 


Rine- 


554 pp. 


Engineering 
ABRAMS. Essentials of Aerial Surveying and 
Photo Interpretation. 639 pp. (lst ed. 
1944. $5.00. McGraw-Hill. TU. 
ATHERTON. Principles of Radio for Operators, 
344 pp. $3.75. Macmillan. TU. 
Shop Job Sheets in Radio, Book 1; 
134 pp. $1.50. Macmillan, 


AUBLE. 
Fundamentals. 
.U. 

AUBLE. 
Service 
millan. 


Shop Job Sheets in Radio, Book II: 
Problems. 128 pp. $1.50. Ma 
TU. 
3INDER, R. C. Fluid Mechanics. 
$3.75. Prentice-Hall. 
3LAIR, G. W. Scort. 
Applied Rheology. 
$4.00. Pitman. R. 

CALDWELL, C. W. Laboratory Manual for 
Fundamentals of Radio, Part I. 136 pp. 
1942. $1.35. Prentice-Hall. 

CALDWELL, C. W. Laboratory Manual for 
Fundamentals of Radio, Part II. 134 pp. 
1942. $1.35. Prentice-Hall. 

CaRTER. Simple Calculation of Electrical Tran 
sients. 120 pp. $1.75. Macmillan. R. 
and Farres. Analytic Mechanics. 

$3.75. Maemillan. TU. 

Modern Operational Mathematics 

306 pp. (1st ed.) 1944. 


325 pp. 1948. 


A Survey of General and 
196 pp. (1st ed.) 1944. 


CHAMBERS 
375 pp. 
CHURCHILL. 

in Engineering. 
$3.50. MeGraw-Hill. TU. 

Davies. The Science § Practice of Welding. 
436 pp. $2.75. Macmillan. R. 

DEGARMO and JONASSEN. Technical 
ing, Vertical Stroke. 20 pp. $1.00. 
millan. TU. 

Ultra-High-Frequency Radio Engi- 
295 pp. $3.25. Maemillan. TU. 

Everirt, WILLIAM L. Fundamentals of Radio. 
495 pp. 1942. $3.00. Prentice-Hall. 
Air Conditioning Analysis. 

Maemillan. R. 

Engineering Preview. 


i 


Letter- 
Mae 


EMERY. 
neering. 


GOODMAN. 455 pp. 
$6.00. 

GRINTER et al. 
$4.50. Maemillan. 

HAMMOND, J. W. Men 
(1st ed.) 1939. $2.00. 

Hiaains. Higher Surveying. 
Maemillan. R. 

Hinks. Maps and Survey. 
Maemillan. R. 


581 pp. 
and Volts. 436 pp. 
Lippincott. R. 

463 pp. $5.00. 


301 pp. 
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HorToN, RALPH E., Marcus, ABRAHAM, and 
Marcus, WILLIAM. Elements of Radio, Com- 
700 pp. 1943. $3.20. Prentice-Hall. 
An Introduction to Electronics. 97 
Maemillan. P. 


plete. 
HUDSON. 
pp- $3.00. 
JACOBS. 
487 pp. 
Hill. TU. 
KING. Lathe Operations. 
Maemillan. TU. 

KinG. Milling Machine Operations. 
$1.75. Maemillan. TU. 
Knicut, A. R., and Fett, G. H. 
to Circuit Analysis. 447 pp. 
$4.00. Harper. TU. 

and THOMSON. Management of 
248 pp. $2.25. Macmillan. TU. 
Production Control. 
Us 

Practical Marine 
$3.50. Macmillan. 


Fundamentals of Optical Engineering. 
(Ist ed.) 1943. 


$5.00. MeGraw- 


119 pp. $1.75. 


123 pp. 
Introduction 
(1st ed.) 1943. 


KNOWLES 

Manpower. 
KNOWLES and THOMSON. 
271 pp. $2.50. Macmillan. 
and DUSENBERY. 
258 pp. 


LECOUNT 
Electricity. 
TU. 

Electrical Counting, Am. Edition. 

$2.50. Maemillan. R. 

Fundamentals of Engi- 

568 pp. 1946 


144 pp. 
LUZADDER, WARREN J. 
Drawing, Revised. 

(Due). $3.00. Prentice-Hall. 
LUZADDER, WARREN J. 

ing Drawing. 204 

Prentice-Hall. 
MacLarREN, MaLcoum. The Rise of the Electri- 

cal Industry During the Nineteenth Century. 

238 pp. (1st ed.) 1943. $3.75, Princeton. 

t. 


neering 


Problems in Engineer- 
pp. 1943. 3.20 


0.0. 


Steel in Action. 230 

$2.50. Cattell. P. 

PARSONS, WM. B. Engineers and Engineering 
in the Renaissance. 680 pp. (1st ed.) 1939. 
Williams & Wilkins. R. 

Chemical Engineers’ Handbook. 3029 

(2nd ed.) 1941, $10.00. McGraw-Hill. 


PARKER, CHARLES M. 
pp. (1st printing) 1943. 


$8.00, 


PueLps, E. B. Stream Sanitation. 276 pp. 
Ist ed.) 1944. $3.25. Wiley. TU. 
RapDzINSKY. Making Patent Drawings. 

Maemillan. R. 

Scuutz, E. H., and ANDERSON, L. T. Exzperi- 
ments in Electronics and Communication En- 
381 pp. (1st ed.) 1943. $3.00. 

TU. 

SCHUMANN, CHARLES H. 

pp. (1st ed.) 1940. 
TU & R. 

SINGER, FERDINAND L. 
182 pp. (1st ed.) 1943. 
TU 


96 pp. 


$3.00 


g ineéeé ring. 
larper. 

Technical Drafting. 

$3.50. Harper. 


Engineering Mechanics. 
$4.00. Harper. 


IRQ 


Principle 8 of Mechanics. 
1942. $4.50. MecGraw- 


SYNGE and GRIFFITH. 
506 pp. (1st ed.) 
Ha. TU, 

TIMOSHENKO. 

(2nd ed.) 

TU. 

TIMOSHENKO. 
510 pp. (2nd ed.) 
trand. TU. 

Introduction to Practical Radio. 

Maemillan. TU. 

Plastic Horizons. 178 pp. 

$2.50. Cattell. P. 


Vol. I. 
Nos- 


Strength of Materials. 
1940, Van 


359 pp. $3.50. 
strand. 
Vol. II. 


Van Nos- 


Strength of Materials. 
1941, $4.50. 


TUCKER. 
pp. $3.00. 
WEIL and ANHORN. 
(2nd printing) 1944. 


Geography and Geology 

ADAMS, FRANK D. Birth and Development of 
the Geological Sciences. 511 pp. (1st ed.) 
1938. $5.00. Williams & Wilkins. R. 

ALBRIGHT, JOHN. Physical Meteorology. 392 
pp. 1939. $4.00. Prentice-Hall. 
3ATEMAN, A. M. Economic Mineral Deposits. 
898 pp. (Ist ed.) 1942. $6.50. Wiley. TU. 

BENGTSON, NELS A., and ROYEN, WILLEM VAN. 
Fundamentals of Economic Geography with 
Revision. 1935. $4.25. Prentice 
Hall. 

BENGTSON, NEuts A., and 
Economic Geography of Asia. 
$1.20. Prentice-Hall. 

BERRY, BOLLAY, 
Meteorology. 
Graw-Hill. 

MARLAND P. Structural Geology. 
1942. $4.50. Prentice-Hall. 

THomas A. Climatology. 484 
$4.00. Prentice-Hall. 

Weather Elements. 
Prentice-Hall. 

Practical 

$2.50. 


802 pp. 


VERA E., 


1937. 


RIGDON, 
177 pp. 


Handbook of 
$7.50. Me 


sEERS. 
1945. 


and 
(1st ed.) 


BILLINGS, 
473 pp. 
BLAIR, 
1942, 
3LAIR, 
pp. 1942. 


pp- 
THomas A, 420 
$4.00. 
BRANDS. Course in 
Weather. 
Hill. 
3RAUN, CATHERINE L., 
Principles of Geography. 
$1.25. Prentice-Hall. 
Bretz, J. H. Earth Sciences. 260 pp. 
ed.) 1940. $2.25. Wiley. TU. 
Brooks, B. T. Peace, Plenty and Petroleum. 
200 pp. (1st printing) 1944. $2.50. Cat- 
tell. P. 
BYERLY, PERRY. 
3.50. Prentice-Hall. 
Byers. General Meteorology. 639 pp. 
ed.) 1944. $5.00. McGraw-Hill. TU. 
CARLSON, FRED A. Geography of Latin Amer- 
ica, Revised. 672 pp. 1943. $4.50. Pren- 
tice-Hall. 


Me teorology, a 

(Ist ed.) 1944. McGraw- 
Guide in the Study of 
138 pp. 1939. 


(1st 


Seismology. 956 pp- 1942. 


(1st 





290 


Phenomena. 22 


and Weather 

Maemillan. R. 

DALY, REGINALD ALDWoRTH. Strength 
Structure of the Earth. 464 pp. 

Prentice-Hall. 

Dana, E. 8S. System of Mineralogy. 834 pp. 
(7th ed. revised and enlarged by Charles 
Palache, Harry Berman and Clifford Fron- 
del) 1944. $10.00. Wiley. TU. 

Dana, E. S., and Hurusvt, C. S. 
Mineralogy. 480 pp. (15th 
$4.00. Wiley. TU. 

EARDLEY, A. J. Aerial Photographs: Their Use 
and Interpretation. 203 pp. (1st ed.) 1942. 
$2.75. Harper. TU. 


CAVE. Clouds 
pp. $1.75. 
and 

1940. 

$3.50. 


Manual of 
ed.) 1941. 


Physical Elements of 
(2nd ed.) 1942. $3.50. 


FINCH and TREWARTHA, 
Geography. 641 pp. 
McGraw-Hill. TU. 

FINCH and TREWARTHA. 
phy, Physical and Cultural. 823 pp. (2nd 
ed.) 1942. $4.00. McGraw-Hill. TU. 

FosTEeR, MULFORD, and RACINE. Brazil, Orchid 
of the Tropics. 350 pp. (1st printing) 1945, 
$3.50. Cattell. P. 

GAER, J. Everybody’s Weather. 
ed.) 1944. $2.25. Lippincott. -J. 

GEORGE, RussELL D. Minerals and Rocks. 595 
pp. (1st ed.) 1943. $6.00. Appleton-Cen- 
tury. R. 

HAURWITZ and 


Elements of Geogra- 


96 pp. (1st 


Austin. Climatology. (1st 
ed.) 1944. $4.50. MeGraw-Hill. TU. 
HEILAND, CARL A. Geophysical Exploration. 
932 pp. 1940. $8.00. Prentice-Hall. 
Hewson, E. W., and LonGuey, R. W. 
orology Theoretical and Applied. 
(1st ed.) 1944. $4.75. Wiley. TU. 
Hinps, N. EF. A. Geomorphology. 894 pp. 
1943. $5.00. Prentice-Hall. 
HouMBORr, J., GusTIN, W., and 
Dynamic Meteorology. 378 pp. 
1945. $4.50. Wiley. TU. 
HorcHkiss, WILLIAM O. Minerals of Might. 
250 pp. (1st printing) 1945. $2.50. Cattell. 
- 
HrpiickA, ALES. 
printing) 1943. 


Mete- 
468 pp. 


FORSYTHE, G. 
(1st ed.) 


Alaska Diary. 432 pp. (2nd 
$5.00. Cattell. B. 
Ways of the 
$4.00. 


W eather. 
Cattell. 


HuMPHREYS, W. J. 
100 pp. (3rd printing) 1942. 
gl 

JACOBS, Wooprow C., and CLARKE, KATHERINE 
B. Meteorological Results of Cruise VII of 

-1929. Mete orology-l. 

$2.00 eloth. 


the Carne que 19258 
166 pp. 1943. $1.50 
Carnegie Inst. GS. 


paper ; 


Factors of Soil Formation. 
$3.50. MeGraw-Hill. 


281 pp. 
yee 


JENNY. 
(Ist ed.) 1941. 
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LANDON, CHARLES E. Industrial Geography. 
811 pp. 1939. $4.00. Prentice-Hall. 

LONGWELL, C. R., KNopr, A., FLINT, R. F.. 
SCHUCHERT, C., and DUNBAR, C. O. Outlines 
of Geology. 672 pp. (2nd ed.) 1941. 
Wiley. TU. 

LONGWELL, C. R., KNopr, A., and FLInt, R. F, 
Textbook of Geology, Part Z. Physical Geol 
ogy. 543 pp. (2nd ed.) 1939. $3.75. Wil 
TU 

LOVERING, T. 8S. Minerals in World Affa 
394 pp. 1943. $4.00. Prentice-Hall. 

MAcGINITIE, HARRY D. Middle Eocene F! 
from the Central Sierra Nevada. 178 
1941. $2.00 paper; $2.50 cloth. 
Inst. GS. 

McKEE, Epwin D., and RESSER, CHARLES Ff, 
Cambrian History of the Grand Canyon R¢ 
gion. 220 pp. 1945. $2.50 paper; 
cloth. Carnegie Inst. GS. 

NEWHOUSE, W. H. (ed.). Ore Deposits as Re- 
lated to Structural Features. 292 pp. (lst 
ed.) 1942. $6.50. Princeton. R. 

OLSON, EVERETT C., and WHITMARSH, AGNES. 
Foreign Maps. 237 pp. (lst ed.) 1944. 
$4.00. Harper. TU & R. 

OSBORN, FAIRFIELD (ed.). The Pacifie World 
218 pp. Illus. (1st ed.) 1944. $3.00. 
Norton. P. 

PETTERSSEN. 
236 pp. 
mi. TU. 

RENNER, GEO. T., and associates. 

(1st ed.) 


Carnegie 


4 ()f 
$3.00 


Meteoroloay. 
McGraw 


Introduction to 
(Ist ed.) 1941. $2.50. 


Global Geo 
1944, $3.75. 


oo 


raphy. 728 pp. 
Crowell, TU. 
REVELLE, RoGEer R., and Piaa@oTt, CHARLES 5. 
Marine Bottom Samples and Radium Content 
of Ocean Bottom Sediments. 196 pp. 1945. 
$2.00 paper; $2.50 cloth. Carnegie Inst. GS 
Optical Mineralogy. 388 
$3.75. McGraw-Hill. 


RoGERS and KERR. 
pp. (2nd ed.) 1942. 
TU. 

ScHUCHERT, C., and DunBaAR, C. O. Textb 
of Geology, Part II, Historical Geology. 
543 pp. (4th ed.) 1941. $3.75. Wiley. TU 

SEEMAN, ALBERT L, Physical Geography. 448 
pp. 1942. $3.50. Prentice-Hal. 

Geology for Everyman. 312 pp. 

Maemillan. P. 

Earth and Its Resources. 654 

1941. $2.40. MeGraw-ll 


SEWARD. 
$3.25. 

SHEARER. The 
pp. (1st ed.) 
TH. 

Suimer, H. W., and SHrock, R. 
Fossils of North America. 837 pp. 
1944. $20.00. Wiley. TU. 


R. Ind 
(1st ed. 


SHULER, ELLIS W. Rocks and Rivers of Amé 
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100 pp. (1st printing) 1945. $4.00. 

ittell. P. 
yirh, H. T. U. Aerial Photographs and 

r Applications. 372 pp. (1st ed.) 1943. 

75. Appleton-Century. TU. 

pruPp, H. U. Observations and Results in 
Physical Oceanography. 156 pp. 1944. 

75 paper; $2.50 cloth. Carnegie Inst. GS. 
' ruP, H. U. Observations and Results in 
Physical Oceanography. 126 pp. 1945. 
$1.50 paper; $2.00 cloth. Carnegie Inst. GS. 

rpruP, H. U. Oceanology for Meteorol- 

sts. 256 pp. 1942. $3.50. Prentice-Hall. 
VERDRUP, H. U., JOHNSON, MARTIN W., and 
FLEMING, RicHARD H. The Oceans, Their 
Physical, Chemical § General Biology. 1,087 
1942. $8.00. Prentice-Hall. 

. SAMUEL W., Jr. The Wildcatters: An 
Informal History of Oil Hunting in America. 
234 pp. (1st ed.) 1946. $3.00. Princeton. 
i. 

Weather Around the 
$2.50. 


RAY. 
(3rd printing) 1945. 


EHILL, IVAN 
World, 212 pp. 
Princeton. P. 

lHOMSON, ANDREW. Upper-Wind Observations 
and Results Obtained on Cruise VII of the 
Carnegie. Meteorology-lI. 93 pp. 1943. 
$.75 paper; $1.00 cloth. Carnegie Inst. GS. 
WARTHA, GLENN T. Japan: A Physical, 
Cultural, and Regional Geography. 607 pp. 
(Ist ed.) 1945. $5.00. Univ. of Wisconsin. 
R. 
An Introduction to Weather and 
(2nd ed.) 1943. $4.00. 


ARTHA, 
Climate. 545 pp. 
McGraw-Hill. TU. 

TWENHOFEL and TYLER. 
Sediments. 511 pp. 
McGraw-Hill. TU. 

VAN VALKENBURG, SAMUEL. 

401 pp. 1939. 


Methods of Study of 
(1st ed.) 1941. $2.00. 


Elements of Polit- 
al Geography. $3.50. 
Prentice-Hall. 
TE, C. LANGDON, and FOoscukE, 
Regional Geography of Anglo-America. 
pp. 1943. $4.75. Prentice-Hall. 
WHITNEY, Daviy D. Family Treasures. 300 
(1st printing) 1943. $3.50. Cattell. P. 
RD, DANIEL F. Adventures in Scenery. 
138 pp. (2nd printing) 1942. $3.75. Cattell. 
p 


EDWIN J. 
898 


Descriptive Meteorology. 
Academic. TU. 


of Crater 


HurpD C. 
10 pp. 1944. $4.00. 
WILLIAMS, Howe. The Geology 
Lake National Park, Oregon. 162 pp. 1942. 
$2.50 paper; $3.50 cloth. Carnegie Inst. GS. 
Elements of Min- 
$4.25. Prentice- 


LLETT, 


ALEXANDER N., 
470 pp. 1942. 


NCHELL, 
eralogy. 
Hall. 


History of Science 
United 


$3.50. 


Scientific Societies in the 
(1st ed.) 1945. 


BATES, R. S. 
States. 246 pp. 
Wiley. TU. 

CHESNEY, ALAN M. The Johns Hopkins Hos 
pital and the Johns Hopkins University School 
of Medicine. A Chronicle. Vol. I. Early 
Years, 1867-1893. 336 ey 1943, 
$3.00. Johns Hopkins. 

CLARK, ALICE SCHIEDT and PAuL F. Memorable 
Days in Medicine: A Caléndar of Biology and 
Medicine. 305 pp. (1st ed.) 1942, $2.00. 
Univ. of Wisconsin. R & B. 

CLENDENING, LOGAN (ed.). 
Medical History. 701 pp. 
Hoeber. R & B. 

History of Science and Its Relation 

574 pp. (38rd 


illus. 


Source 
1942, 


Book of 
$10.00. 


DAMPIER. 
with Philosophy and Religion. 
ed. ) Maemillan. P., 

A Shorter History of Science. 189 

Maemillan. TU. 

History of Phar 

1940. $4.50. Lip- 


$2.95. 
DAMPIER. 
pp. $2.00. 
KREMER, S., and 
macy. 466 pp. 
pincott. TU. 
The Life and Works of the Honourable 
(1st ed.) 1944. $4.50. 


URDANG. 
(1st ed.) 


MORE. 
Robert Boyle. 
Oxford. B. 

PRINZ, H. Dental Chronology—A Record of the 
More Important Historic Events in the Evo- 
lution of Dentistry. 189 pp. (1st ed.) 1945. 
$3.00. Lea & Febiger. R & P. 

SLICHTER, CHARLES S. Science in a 
Essays and Diversions on Science in the Mak- 

(2nd ed.) 1940. $3.00. Univ. 

R & B. 

WINSLOW, CHARLES-EDWARD A, The 
of Epidemic Disease. 426 pp. (2nd printing) 
1944. $4.50. Princeton. P. 


325 pp. 


Tavern: 


ing. 206 pp. 
of Wisconsin. 


Conquest 


Mathematics 


AGNEW. (1st 
ed.) 

BACON. 
pp. (1st ed.) 
2 1 Ba 

BAKER. Introduction 
pp. $4.00. 

BELL. The 
pp. (2nd ed.) 
TU. 

CARTER, 
1936. 


Diff ¢ rential Equations. 341 pp. 
1942. $3.00. MeGraw-Hill. TU. 
Differential and Integral Calculus. 771 
1942. $3.75. MeGraw-Hill. 
to Plane 2 
EUs 
Development of Mathematics. 637 
1945. MeGraw-Hill. 


Geometry. 38 


Maemillan, 


$5.00 


Hopart ©. College Algebra. 
$1.50. Prentice-Hall. 

Fourier Series and Boundary Value 
(Ist ed.) 1941. MeGraw- 


234 pp- 


CHURCHILL. 
Problems. 
Hill. TU. 

CooLipGre. A Hist 


306 pp. 


ry of the Conie Sections and 
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Quadric Surfaces. 224 pp. (1st ed.) 1945. 
$6.00. Oxford. S., 
Algebra—Second Course. 
32.00. MeGraw-Hill. TH, 
Applied Mathematics for 
360 pp. (1st ed.) 1943. 
$2.20 without Tables. 


CORNETT. 
1945, 

CORRINGTON, M. S. 
Technical Students. 
2.80 with Tables. 
Harper. TU. 

Crala. Vector and Tensor Analysis. 434 pp. 
(Ist ed.) 1943. $3.50. McGraw-Hill. TU. 

CROXTON, FREDERIC E. Workbook in Applied 
General Statistics. 344 pp. 1941. $2.10. 
Prentice-Hall. 

CROXTON, FREDERIC E., and COWDEN, DUDLEY J. 
Applied General Statistics. 944 pp. 1939. 
$4.00. Prentice-Hall. 

CROXTON, FREDERIC E., and COWDEN, DuDLEY J. 
Practical Business Statistics. 529 pp. 1934. 
$3.50. Prentice-Hall. 

DAUS, GLEASON, and WHYBURN. Basic Mathe- 
matics for War & Industry. 277 pp. $2.00. 
Maemillan. TU. 

Daus, PAauu H. 
1941. $2.50. 

DAvis, HAROLD T. 
sion and additional problems. 
$2.85. Prentice-Hall. 

DEMING, W. E. Statistical Adjustment of Data. 
261 pp. (ist ed.) 1943. $3.50. Wiley. TU. 

DooLe, Howarp P. Plane and Spherical Trigo- 
nometry. 183 pp. (1st ed.) 1944. $1.50. 
Crowell. TU. 

ELLIOTT, WILLIAM, and MILES, C. R. C. College 
Mathematics, A First Course. 414 pp. 1940. 
$3.00. Prentice-Hall. 

FEeRRAR. Higher Algebra for Schools. 
(1st ed.) 1945. $3.75. Oxford. TU. 

Methods of Advanced Calculus. 486 

$4.50. MeGraw-Hill. 


(1st ed.) 


College Geometry. 
Prentice-Hall. 
College Algebra, with revi- 
470 pp. 1942. 


200 pp. 


280 pp. 


FRANKLIN. 
pp. (1st ed.) 1944. 
Us 

FRAZER, DUNCAN, and CoLLar. Elementary 
Matrices. $3.75. Maemillan. R. 

GRAHAM, PALMER H., and JOHN, F. WALLACE. 
Advanced Algebra, Revised. 262 pp. 1942. 
$1.85. Prentice-Hall. 

GRAHAM, P. H., JoHn, F. WALLACE, and CooLey, 
H. R. Analytic Geometry. 294 pp. 1936. 
$2.35. Prentice-Hall. 

A Course of Pure Mathematics, Ameri- 

$4.25. Maemillan. 


32 pp. 


HARDY. 
can Edition. 503 pp. 
2. 

Harpy and Rocosinsky. Fourier Series. 100 
pp. $1.75. Maemillan. TU. 

HARDY and Wricut. Introduction to the The- 
ory of Numbers. (2nd ed.) 1945. $8.00. 
Oxford. TU. 
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LYMAN M. Calculus. 
Prentice-Hall. 


KELLS, 
$3.75. 
KELLS, KERNS, and BLAND. Plane and Spher 
cal Trigonometry. 401 pp. (Alternate ed.) 
$2.00. Text with tables—516 pp. $2.75. TU, 
450 pp. 


509 pp. 1943. 


KENNEY. Mathematics of Statistics. 
(Ist ed.) 1939. $4.00. Van Nostrand. TU. 

KryYLorr, N., and Bogouiusorr, N. Introduce 
tion to Non-Linear Mechanics. 112 pp. (st 
ed.) 1943. $1.65. Princeton. R. 

Descriptive Geometry. 

1939. $2.50. Prentice-Hall. 

Differential and Integral Calculus. 483 

$3.25. Maemillan. TU. 

Lovitt, WILLIAM V. Elementary Theory of 
Equations. 236 pp. 1939. $2.50. Prentice 
Hall. 

Lowan, A. (ed.). Tables of Associated Le 
gendre Functions. 306 pp. (1st ed.) 1945 
$5.00. Columbia. R. 
Table of Arc Sin X. 
$3.50. Columbia. R. 
Table of the Bessel Functions 
J,(z). 406 pp. (1st ed.) 1943. 
lumbia. R. 

Tables of Reciprocals of the Integers from 
100,000 Through 200,009. 204 pp. (lst ed. 
1943. $4.00. Columbia. R. 

Tables of Circular and Hyperbolic Tangents 
and Cotangents for Radian Arguments. 412 
pp. (lst ed.) 1943. $5.00. Columbia. R. 
Tables of Lagrangian Interpolation Coeff 
cients. 390 pp. (lst ed.) 1943. $5.00. Co 
lumbia. R. , 

MARGENAU and MURPHY. 
Physics and Chemistry. 
1943. Van Nostrand. R. 

McGrRAW-HILL. Conversion Tables 
from Marks’ Mechanical Engineers’ Hand 
book), (1st ed.) 1944. $.10. MeGraw-Hill. 

McKay. Odd Numbers. 215 pp. $2.00. Mac 
millan. P. 

McSHANE, Epwarp J. 
(1st ed.) 1944. $6.00. 

MERRIAM, G. M. To Discover Mathematics. 435 
pp. (1st ed.) 1942. $3.00. Wiley. TU. 

MIDDLEMIss. Analytic Geometry. (lst ed.) 
1945. $2.75. McGraw-Hill. TU. 

MILLER, G. A. Collected Works. Vol. I. 479 
pp. (1st ed.) 1935. $7.50. 8. Vol. II. 537 
pp. (1st ed.) 1938. $7.50. S. Univ. of 
Illinois. 

MopvE, ELMER B. Elements of Statistics. 
pp. 1941. $3.50. Prentice-Hall. 

Mouina, Exponential Binomial Limit. 47 pp 
(1st ed.) 1942. $2.75. Van Nostrand. TU. 

Moore, Justin H. Handbook of Financial 


LARKINS, JR., JAMES T. 
317 pp. 
LOVE. 
pp. (4th ed.) 


124 pp. (Ist ed.) 1945 


J,(2) and 
$5.00. Co 


Mathematics of 
581 pp. (lst ed 


(reprinted 


Integration. 400 pp 
Princeton. R. 
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athematics. 1216 pp. 1935. $3.75. Pren- 
tice-Hall. 

\forris, MAX, and Brown, Or.LEy E. 
tial Equations. 368 pp. (Rev.) 1942. 
Prentice-Hall. 

NEISWANGER. Elementary Statistical Methods. 
740 pp. $4.00. Macmillan. TU. 

\NEISWANGER and HawortH. Lab. Manual for 
Elem. Statistical Methods. 121 pp. $2.00. 
Macmillan. TU. 

EVILLE. Jacobian Elliptic Functions. 
ist ed.) 1944. $7.50. Oxford. S. 

Newsom, C. V., and Larsen, H. D. Basic 
Mathematics for Pilots & Flight Crews. 153 
p. 1943. $1.50. Prentice-Hall. 

NortucorT, J. A. Plane and Spherical Trigo- 
nometry, with Tables. 318 pp. 1933. $2.40. 
Rinehart. TU. 

LesBY, Ernest J., and CooLry, Hous R. 
Plane Trigonometry, Revised with tables. 261 
pp. 1936. $1.60. Prentice-Hall. 

ETERSON, THURMAN S. Intermediate Algebra 

for College Students. 358 pp. (1st ed.) 
1942, 358 pp. $1.85. Harper. TU. 

PotyA, GEORGE. How to Solve It: A New 
Aspect of Mathematical Method. 220 pp. 

3rd printing) 1945. $2.50. Princeton. P. 

REAGAN, L. M., Ort, E. R., and Siciey, D. T. 
College Algebra. - 445 pp. 1940. $2.50. 
Rinehart. TU. 

Rees and SPARKS. College Algebra. 
1945. $2.50. MeGraw-Hill. TU. 

RipER and HutTcHINSON. Natural and Loga- 
rithmic Haversines. 36 pp. $.30. Macmil- 
lan. R. 

RIDER and HuTcHINSON. Navigational Trigo- 
nometry, $2.00. Maemillan. TU. 

SHERWOOD, GEORGE E. F., and TAYLor, ANGUS E. 

1942. Prentice- 


Diff eren- 
$3.00. 


348 pp. 


(2nd ed.) 


232 pp. 

Calculus. 503 pp- $3.75. 
Hall. 

SHERWOOD, GEORGE E, F., and TAYLOR, ANGUS E. 
Elementary Differential Equations (Supple- 
mentary text to Sherwood & Taylor’s Calcu- 
lus). 76 pp. 1943. Sold with text 25¢; sold 
separately, $1.00. Prentice-Hall. 

SLOBIN, H. L., and WILBUR, W. E. Freshman 
Mathematics. 584 pp. Rev. 1938. $3.50. 
Rinehart. TU. 
MITH and DUNCAN. 
and Applications. 
McGraw-Hill. TU. 

SOHON. Engineering Mathematics. 278 pp. 
(Ist ed.) 1944. $3.50. Van Nostrand. TU. 

SOKOLNIKOFF and SOKOLNIKOFF. Higher Mathe- 
matics for Engineers and Physicists. 
(2nd ed.) 1941. $4.50. McGraw-Hill. 


Elementary Statistics 
498 pp. (1st ed.) 1944. 


587 pp. 
TU. 
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Plane 


1937. 


SPARKS, FRED W., and REES, PAUL K. 
Trigonometry with tables. 237 pp. 
$2.00. Prentice-Hall. 

SPRAGUE, ATHERTON HALL, Essentials of Plane 
Trigonometry and Analytic Geometry. 119 
pp. 1934. $.80. Prentice-Hall. 

and ROGERS. Commercial Algebra. 
$2.50. Maemillan. TU. 

STRATTON, W. T., and DAUGHERTY, R. D. 
Trigonometry. 206 pp. with tables. 
without tables. 1939. $2.25. Tables alone 
$.85. Prentice-Hall. 


STELSON 
283 pp. 

Plane 

55 pp. 


TAYLoR, JAMES H. Vector Analysis. 180 pp. 
1939. $2.85. Prentice-Hall. 
TITCHMARSH. Introduction to the 
Fourier Integrals. 401 pp. (1st ed.) 

$6.75. Oxford. S. 
Theory of Functions. 
$9.00. Oxford. S. 


Theory of 
1937. 
TITCHMARSH. 464 pp. 
(2nd ed.) 1939. 
NEUMANN, JOHN, and MORGENSTERN, 
OsKAR. Theory of Genes and Economic Be- 
havior. 644 pp. (1st ed.) 1944. $10.00. 
Princeton. R. 
WALLING and HILL. 
Navigation. 221 pp. 
fig 
and HILu. A 
(Rev. ) $1.25. 
WATSON. A 
Functions. 804 pp. 
es 
WAUGH. 
pp. (2nd ed.) 
Us 
WEYL, HERMANN. 
Analytic Curves. 280 pp. 
$3.50. Princeton. R. 


VON 


Nautical Math. and Ma 
rine $2.00. Mac- 
millan. 
W ALLING 
186 pp. 


Mathematics. 
Maemillan. TU. 

Theory of Bessel 
Maemillan. 


reraft 


Treatise on the 
$15.00. 


Elements of Statistical Method. 532 
1942. $4.00. McGraw-Hill, 


Meromorphic Functions and 
(lst ed.) 1943. 
of Mod 
$10.50. 


and WATSON. A Course 
(4th ed.) 


WHITTAKER 
ern Analysis. 
Maemillan. TU. 

WILKS, S.S. Mathematical Statistics. 
(Ist ed.) 1943. 7 


608 pp. 


296 pp. 
$3.75. Princeton. R. 
Medicine 

Health and Hygiene. 908 

$5.00. Cattell. P. 

ADAMS, R. CHARLES. Intravenous Anesthesia. 
677 pp. 75 illus. 1944, 1945. 
$12.00. Hoeber. R&S. 

AGARD, WALTER R. Medical Greek and Latin 
at a Glance. 88 pp. 1937. $1.50. Hoeber. 
S. 

AsH, J. E., and 
Pathology of Tropical Diseases. 
illus. 1945. $8.00. 


ACKERMAN, LLOYD. 
pp. (1st printing) 1943. 


reprinted 


SopHIE. Atlas of 


350 pp. 941 


SPITZ, 


Saunders. 


A Symposium on the Blood and Blood-Forming 
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Organs. 264 pp. (1st ed.) 1939. $3.50. 

Univ. of Wisconsin. R. 

Secretory Mechanism of the 
Digestive Glands. 920 pp. 220 illus. 1944. 
$12.75. Hoeber. R & S. 
3AILEY, F. R., SmitH, P. E. (ed.). Textbook 
of Histology. 806 pp. (llth ed.) 1944. 
$6.00. Williams & Wilkins. TU & R. 

BALLIF and KIMMEL. Structure and Function 
of the Human Body. 328 pp. (lst ed.) 
1945. $3.00. Lippincott. R. 

Best, CHARLES H., and TAYLOR, NORMAN B. 
Physiological Basis of Medical Practice. 
1182 pp. (4th ed.) 1945. $10.00. Williams 
& Wilkins. TU & R. 

BIRKELAND, J. M. 
488 pp. (lst ed.) 1942. 

Wilkins. TU. 
30YD, MARK F. Preventive Medicine. 
187 illus. (7th ed.) 1945. $5.50. 
30YD, W. An Introduction to Medical Science. 
366 pp. (3rd ed.) 1945. $3.50. Lea & 
Febiger. TU. 

BREMER, J. L. (rewritten by Weatherford, H. 
L.) Textbook of Histology. 723 pp. (6th 
ed. of ‘‘Lewis and Stohr’’) 1944. $7.00. 
Blakiston. TU. 

Bucy, P. C. (ed.) et al. 
Cortez. 605 pp. (1st ed.) 
Univ. of Illinois. S. 

Burcu, G., and Winsor, T. A Primer of 
Electrocardiography. 215 pp. (lst ed.) 
1945. $3.50. Lea & Febiger. TU. 

Burrows. Biological Action of Sex Hormones. 
514 pp. $8.50. Macmillan. R. 

CANNON, WALTER B. The Way of an Investi- 
gator. 229 pp. (1st ed.) 1945. $3.00. 
Norton. B. 

CHRISTIAN, HENRY A., M.D., Osler’s Prin- 
ciples and Practice of Medicine. 1610 pp. 
(15th ed.) 1944. $9.50. Appleton-Century. 
a. 

CLARK-KENNEDY. The Art of Medicine in Re- 
lation to the Progress of Thought. 48 pp. 
$.75. Maemillan. R. 

CLEMENT, F. W. 
thesia. 288 pp. 
Lea & Febiger. R. 

CoLE, WARREN H., and PuEstow, CHAs. B. 
First Aid: Surgical and Medical. 434 pp. 
(3rd ed.) 1945. $3.00. Appleton-Century. 
TU. 

CONANT, 
SMITH, DAvip T., 
LAWAY, JASPER L. 
cology. 348 pp. 
Saunders. 


BABKIN, B. P. 


and Man. 
Williams & 


Microbiology 
$4.00. 


591 pp. 
Saunders. 


The Precentral Motor 
1944, $5.50. 


Nitrous Oxide-Oxygen Anes- 
(2nd ed.) 1945. $4.50. 


NoRMAN F., MARTIN, Donatp §., 
3AKER, ROGER D., and CAL- 

Manual of Clinical My- 
288 illus. 1944. $3.50. 
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CORNER, G. W. Ourselves Unborn. 

(1st ed.) 1944. $3.00. Yale. R. 
Refraction of the Eye. 
$4.75. 


188 pp. 


CowaNn, A. 
(2nd ed.) 1945. 

Cownpry, E. V. Microscopic Technique in Biol. 
ogy and Medicine. 210 pp. (lst ed.) 1943. 
$4.00. Williams & Wilkins. TU & R. 

Craia, C. F., and Faust, E. C. Clinical Para 

871 pp. (4th ed.) 1945. $10.00 

LO 

CULBERTSON, J. T. Medical Parasitology. 285 
pp. (1st ed.) 1942. $4.25. Columbia. TU, 

Manual of Practical Anatomy, 
1485 pp. (10th ed. edited by Brash and 
Jamieson) 1940. (3 vols.) $4.25 per vol. 
Oxford. TU. 

CUNNINGHAM. Text-Book of Anatomy. 
pp. (8th ed. edited by Brash and Jamieson 
1943. $12.00. Oxford. TU. 

DigeHL,. Textbook of Healthful Living. 707 
pp. (8rd ed.) 1945. $2.50. McGraw-Hill 
Ts 

DIEHL and 
Nurses. 534 pp. 
McGraw-Hill. TU. 

Manometric Methods (2nd 
$1.75. Macmillan. R. 

DRAPER, GEORGE, C. W. and 
CAUGHEY, J. L. Human Constitution in 
Clinical Medicine. 279 pp. 1944, reprinted 
1945. $4.00. Hoeber. R&S. 

DUNBAR, FLANDERS. Psychosomatic Diagnosis. 

1943, reprinted 1944, 1945. $7.50. 

R&S. 

EMERSON and TAYLOR. 

(14th ed.) 1940. 


278 pp. 


I 
Lea & Febiger. R 
} 


sitology. 
Lea & Febiger. 


CUNNINGHAM, 


1608 


Healthful 
(Ist ed.) 1944. 


BOYNTON. Living for 
$2.50. 


DIXON. edition). 
145 pp. 


DUPERTUIS, 


760 pp. 

Hoeber. 

Essentials of Medicine. 

892 pp. $3.35. Lippincott. 
R. 

EVERETT, MARK R. 

tables 

R&S&8. 

FISHBEIN, Morris (ed.). 
pp. (1st ed.) 1945. 
ar. 

Forsus, WILEY D. 
ogy for Students of Disease. 
ed.) 1943. $9.00. Williams 
TU & R. 

Wittis W. Hematology. 

1945. $5.00. Hoeber. 

FRIEDENWALD, Harry. The Jews 
cine: Essays. 841 pp. 40 
1944. $7.50. Johns Hopkins. 

I’ROBISHER, MARTIN, JR. 
Bacteriology. 824 pp. 
1944. $4.00. Saunders. 


Medical Biochemistry. 708 


pp-, 103 and charts. 1942. $5.70. 
Hoeber. 
Doctors at War. 418 


$5.00. E. P. Dutton. 


Reactions to Injury, Pathol 
810 pp. (lst 
& Wilkins. 


516 pp. 
R & 8. 
and Medi 


illus. 2 


FOWLER, 
110 illus. 


vols. 


The Fundamentals of 
398 illus, (3rd ed.) 
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F. Public Medical Care. 226 pp. 
$2.75. Columbia. S. 

Atlas of Anatomy. 419 pp. 
$10.00. Williams & Wilkins. 


GOLDMAN, 
(1st ed.) 1946. 
Grant, J. C. B. 
(Ist ed.) 1943. 
TU & R. 
Grant, J. C. B. Method of Anatomy, Descrip- 
e and Deductive. 841 pp. (8rd ed.) 1944. 
Williams & Wilkins. TU & R. 
GREAVES, Jos. E. and ETHELYN O. Elementary 
Bacteriology. 613 pp. 169 illus. (5th ed.) 
1946. $3.50 (tentative). Saunders. 
Public Health Statistics. 
1942. $5.50. Hoeber. 


$6.00. 


HALL, MARGUERITE. 
430 pp., tables, charts. 
R&S. 

Ham and SALTER. Doctor in the Making. 179 
pp. (1st ed.) 1943. $2.00. Lippincott. TU. 

HaMILTON, W. S., Boyp, J. D., and MossMAN, 
H. W. Human Embryology. 374 pp. (1st 
ed.) 1945. $7.00. Williams & Wilkins. TU 
& R. 

and Other 

1945. 


Penicillin 
45 illus. 


WALLACE E. 
348 pp. 


HERRELL, 
Antibiotic Agents. 
$5.00. Saunders. 

HowELL, WM. H. (rev. by FuLTON, JOHN F.). 
Textbook of Physiology. 1304 pp. 507 illus. 
(15th ed.) 1946. $8.00. Saunders. 

JORDAN, EDWIN O., and Burrows, WM. 
book of Bacteriology. 909 pp. 242 
(14th ed.) 1945. $7.00. Saunders. 

Keser, R. A., and SCHOENING, H. W. Veteri- 
nary Bacteriology. 730 pp. (4th ed.) 1943. 
$6.50. Williams & Wilkins. TU. 

KoLMER, JOHN A. Penicillin Therapy Includ- 
ing Tyrothricin and Other Antibiotic Ther- 
apy. 318 pp. (1st ed.) 1945. $5.00. Apple- 
ton-Century. TU. 

KOLMER, JOHN A., and BOERNER, FRED. Ap- 
proved Laboratory Technic. 1088 pp. (4th 
ed.) 1945. $10.00. Appleton-Century. TU. 

Kovacs, R. Electrotherapy and Light Therapy. 
694 pp. (5th ed.) 1945. $8.50. Lea & 
Febiger. R. 


Text- 
illus. 


Textbook of Neuro-Anatomy. 
1945. $6.50. Lea & 


Kuntz, A. A 
478 pp. (4th ed.) 
Febiger. Us 

Kuntz, A. The Autonomic Nervous System. 
687 pp. (8rd ed.) 1945. $8.50. Lea & 
Febiger. R. 

New Goals for Old Age. 210 pp. 
$3.00. Columbia. S. 

Bacteriology for Students of 

Medicine and Public Health. 543 pp. 159 

1942. $5.00. Hoeber. R&S. 

LyMAN, R. A. American Pharmacy. 
(Ist ed.) 1945. $8.00. Lippincott. TU. 

MACKIE, HUNTER, GEO. W 


LAWTON, G. 
(1st ed.) 1943. 
LEIFSON, EINAR. 


illus. 
535 pp. 


- and 


THos. T., 
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Tropical 
$6.00. 


WortH, C. BROOKE. 
Medicine. 727 pp: 
Saunders. 

Macy, I. G., and 
Hunger. 320 pp. 
Cattell. P. 

MAINLAND, DONALD. Anatomy as a Basis for 
Medical and Dental Practice. [llus. 
1945. $7.50. Hoeber. S8S. 

MARSHALL, CLYDE. (rev. by LAZIER, Epgar L.). 
Introduction to Human Anatomy. 418 pp. 
303 illus. (3rd ed.) 1946. $2.50 (tentative). 
Saunders, 

McCreapy, BENJ. D. On the Influence of 
Trades, Professions, and Occupations in the 
United States, in the Production of Disease, 
1837. 137 pp. 1943. Johns Hopkins. 

McGraw, M. B. The 
tion of the Human Infant. 140 pp. 
$2.00. Columbia. S. 

MILLARD, NELLIE D., and KING, 
Human Anatomy and Physiology. 
297 illus. (2nd ed.) 1945. $3.00. 

Human Anatomy. 2 vols. (lst 

Columbia. TU, 

Medical Parasitology and 

1944, $6.00. 


Manual of 
284 illus, 19405. 


WILLIAMS, H. H. Hidden 


(2nd printing) 1945. $3.00. 


RSU pp- 


$1.75. 
Neuro-Muscular Matura- 
Illus. 


BARRY G. 
514 pp. 
Saunders. 
Morton, D. J. 
ed.) 1943. 
NAUSS, RALPH W. 
Zoology. 535 pp. 95 

Hoeber. R&S. 
NEDZEL, A. J. 
studies. 151 pp. ( Ist 
Univ. of Illinois. §. 
NEW YORK ACADEMY OF MEDICINE (e4.). Pre 
ventive Medicine in Modern Practice, by 50 
Illus. 1942. $10.00. 


$3.00 vol. 
illus. 


Vascular Spasm—experimental 


ed.) 1943. $2.75. 


authors. 863 pp. 
Hoeber. R&S. 

NEw YorkK City MAYOR’S COMMITTEE ON MARI- 
HUANA, Marihuana Problems. 220 pp. (1st 
printing) 1944. $2.50. Cattell. P. 

NEILSEN, J. M. Textbook of Clinical 
ogy. 681 pp. 179 1941. 
Hoeber. R&S. 

OBERLING, C. The of Cancer. 
(Ist ed.) 1944. Yale. R. 
Pathological Histology. 423 pp. 
$9.00. Williams & Wilkins. 


Neurol- 
illus. $6.50. 


Riddle 
$3.00. 


196 pp. 


OGILVIE, R. F. 
(2nd ed.) 1943. 
TU & R. 

OLSON, LYLA M. 
Emergencies. 591 pp. 173 
Price unknown. Saunders. 

Parsons, E. J. In the Doctor’s Office. 
(Ist ed.) 1945. $2.00. Lippincott. S. 


First Aid and 
1946. 


Prevention, 
illus. 


300 pp- 


PUTNAM, T. 
ed.) 1945. 
Quirine, D. P., 
and LUFKIN, B. The 
(1st ed.) 1945. $2.74. 


Convulsive Seizures. 160 pp. (2nd 


$2.00. Lippincott. S. 
BoyLe, B. A., BorouaH, E. L., 
Extremities. 117 pp. 


Lea & Febiger. TU. 
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RAHN, OTTo. Microbes of Merit. 277 pp. 
printing) 1945. $4.00. Cattell. P. 
tIVERS, THOMAS M., STANLEY, WENDELL M., 
KUNKEL, Louis O., SHOPE, RICHARD E., Hors- 
FALL, FRANK L., JR., and Rous, PEYTON. 
Virus Diseases. ix plus 170 pp. 1943. $2.00. 
Cornell University Press. R. 
Fundamental Principles of Bacteriol- 
643 pp. (1st ed.) 1943. $4.00. Me- 
Graw-Hill. TU. 
SCHAEFFER, J. PARSONS, 
Morris’ Human Anatomy. 
ed.) 1942, reprinted 1944. 
TU. 


(1st 


SALLE. 
ogy. 


and _ contributors. 
1641 pp. (10th 
$12.00. Blakiston. 


Civilization and Disease. 
$3.75. Cornell Uni- 


SIGERIST, HENRY E. 
xi plus 255 pp. 1943. 
versity Press. P. 


Simmons, J. S., and GENTzKow, C. J. Labora- 
tory Methods of the U. S. Army. 823 pp. 
(5th ed.) 1944. $7.50. Lea & Febiger. R. 

SIMMONS, WHAYNE, ANDERSON, and HORACK. 
Global Epidemiology. 504 pp. (1st ed.) 1944. 
$7.00. Lippincott. S. 

SPALDING, E. K. 
Nursing. 560 pp. 
cott. 8. 

STEDMAN, T. R., TAYLOR, NORMAN B, (ed.). 
Practical Medical Dictionary. 1275 pp. (16th 
ed.) 1946. $7.50. Williams & Wilkins. R. 

Stitt, E. R., CLoueu, P. W., and Cuover, M. C. 
Practical Bacteriology, Haematology, and 
Animal Parasitology. 961 pp. (9th ed.) 
1938, reprinted 1945. $7.00.  Blakiston. 
7s. 

STRONG, OLIVER S., and ELwyn, ADoLPH. Hu- 
man Neuroanatomy. 427 pp. (1st ed.) 1943. 
$6.00. Williams & Wilkins. TU & R, 

TEMKIN, OwseEI. The Falling Sickness: <A 
History of Epilepsy from the Greeks to the 
Beginnings of Modern Neurology. 395 pp. 
7 illus. $4.00. Johns Hopkins. 

THIENES, CLINTON H. Fundamentals of Phar- 
macology. 535 pp. Illus. 1945, reprinted 
1946. $5.75. Hoeber. R & S. 

THOREK, M. Surgeon’s World. 410 pp. 
ed.) 1943. $3.75. Lippincott. B. 

TILNEY, FREDERICK, and RILEY, Henry A, 
Form and Functions of Central Nervous Sys- 

888 pp. 600 illus. (8rd ed.) 1938. 
$10.00. Hoeber. R&S. 

TopLey, W. W. C., and WILSON, G. S. 
ciples of Bacteriology and Immunity. 
total 2000 pp. (3rd ed.) 1946. 
Williams & Wilkins. TU & R. 

Wiaaers, C. J. Physiology in Health and Dis- 
ease, 1174 pp. (4th ed.) 1944. $10.00. 
Lea & Febiger. TU. 


Professional Adjustments in 
(2nd ed.) 1941. Lippin- 


(1st 


tem. 


Prin- 
2 vols. 


$12.00. 
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YOUNG. 
(6th ed.) 


Textbook of Gynecology. 443 pp 
$7.00. Macmillan. TU, 7 


Physics 


ADAMS, ARTHUR S., and HIDING, GEorGr PD. 
Fundamentals of Thermodynamics. 
(1st ed.) 1945. $3.75. Harper. “iy, Of 

ALMSTEAD, et al. Radio: 
ciples and Practices. 219 pp. (lst. ed 
1944. $1.80. McGraw-Hill. TH. 

AUGER, PIERRE. What are Cosmic Rays? 128 
pp. (lst ed.) 1946. $2.00. Univ. of Chi 
eago. P. 

BANKS, C. W. 
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Fundamental Prir 


Applied Science. 212 pp. (lst 
ed.) 1942. $1.75. Wiley. TU. 
3ERGMANN, PETER G. Introduction to the 
Theory of Relativity. 296 pp. 1942. $4.50, 
Prentice-Hall. 
BLAcKWoop, O. H. 
(1st ed.) 1943. 
Buarr, G. W. 


General Physics. 630 pp. 
$3.75. Wiley.. TU. 
Practical and Theoretical Pho 
tography. 243 pp. (2nd ed.) 1945. $2.50 
Pitman. TU. 
Bove. Network Analysis. 551 pp. 
1945. $7.50. Van Nostrand. R. 
Born. Experiment & Theory in Physics. 
pp. $.75. Macmillan. R. 
3RAINERD. Ultra-High-Frequency 
534 pp. (1st ed.) 1942. $4.50. 
trand. TU. 
Burns, V. H. 
pp. (ist ed.) 1943. 
‘hc 
CABLE, 


(1st ed.) 


4A 
t+ 


Technique. 
Van Nos- 


Physics: A Basic Science. 656 
$1.80. Van Nostrand. 


KADESCH, WM. H., and 

The Physical Sci- 
$3.75. Prentice-Hall. 
Geomagnetism. 1090 
$20.00. Ox 


EMMETT J., 
GETCHELL, ROBERT W. 
ences. 754 pp. 1940. 

CHAPMAN and BARTELS. 
pp. (1st ed.) 1940. (2 vols.) 
ford. 8. 

CLARK, JOHNSON, and COCKADAY, 
cal World, 528 pp. (lst ed.) 1941. 
McGraw-Hill. TU. 

Cuier¢c, L. P. (ed. by G. E. Brown). 
phy, Theory and Practice. 590 pp. 
ed.) 1937. $10.00. Pitman. R. 

COBINE. Conductors. 606 pp. 
ed.) 1941. $5.50. MeGraw-Hill. ‘DU. 

Compton, A. X-Rays. 844 pp. (2nd ed.) 
1935. $7.50. Van Nostrand. R. 

Cork, J. M. Heat. (1st ed.) 1942. 
$3.50. Wiley. TU. 

Curtis. High Frequency Induction Heating. 
(Ist ed.) 1944. $2.75. MeGraw-Hill. 
Paxton. Matter, Energy and 

668 pp. (1st ed.) 1941. $3.50. 

TO. 


This Physi 
$3.25. 
Photogra 
(2nd 


Gaseous 


(1st 


294 pp. 


DUNNING and 
Radiation. 
McGraw-Hill. 
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Eper, J. M. History of Photography. 838 pp. 
(Ist ed.) 1945. $10.00. Columbia. S. 
EINSTEIN, ALBERT. The Meaning of Relativ- 
ty. 142 pp. (2nd ed.) 1945. $2.00. Prince- 

fon, = 

ELDRIDGE, J. A. College Physics. 
ed.) 1940. $3.75. Wiley. TU. 

Eyring, CARL F. A Survey Course in Physics. 
378 pp. 1936. $3.00. Prentice-Hall. 

FerMI, ENRICO. Thermodynamics. 160 pp. 
1937. $3.00. Prentice-Hall. 

Gamow. Mr. Tompkins Explores the Atom. 91 
pp. $2.00. Maemillan. P. 

Mr. Tompkins in Wonderland. 

Maemillan. P. 

Gamow. Atomic Energy in Human and Cos- 
mic Life. 155 pp. $2.50. Macmillan. R. 

GLASSER, QUIMBY, TAYLOR, and WEATHERWAX. 
Physical Foundations of Radiology. 436 pp. 
150 figs. & tables. 1944, 3rd printing 1945, 
$5.00. Hoeber. R & S. 

HARRISON, GEORGE RUSSELL. Atoms in Action: 
The World of Creative Physics. 400 pp. 
(2nd ed.) 1941. $3.50. Morrow. P. 

G., and LEIFSON, S. W. 
Energy in War and Peace. 211 pp. 
ed.) 1945. $2.50. Reinhold. TH & P. 
IERZBERG. Infrared and Raman Spectra. 632 
pp. (1st ed.) 1945. $9.50. Van Nostrand. 
R. 

JEANS, 


bo Te 
Po.dod. 


(2nd 


702 pp. 


GAMOW. 97 pp. 


$2.00. 


Atomic 
(1st 


HAWLEY, G. 


Physics and Philosophy. 222 pp. 
Maemillan. P. 
JEANS. The Universe Around Us. 
(4th ed.) Maemillan. P. 
KING, WING, and MIMNo. 
Antennas and Wave Guides. 347 pp. (lst 
ed.) 1945. $3.50. McGraw-Hill. TU. 
KNAPP, EDWIN J. Basic Physics for Pilots & 
Flight Crews. 118 pp. 1943. $1.25. Pren- 
tice-Hall. 
KRAUSKOPF. 
ence.. 660 pp. 
Graw-Hill. TU. 
LEMON, HARVEY BRACE, and FERENCE, MICHAEL, 
Jr. Analytical Experimental Physics. 584 
pp. (1st ed.) 1943. $7.50. Univ. of Chi- 
cago. LU. 
LINDSAY, R, B. 
Statistics. 306 pp. 
Wiley. TU; 
LINDSAY, R, B. 
Science, 534 pp. 
Wiley. TU. 
Linpsay, R. B., and MarGENAv, H. Founda- 
(Ist ed.) 1936. 


380 pp. 
3.75. 


Transmission Lines, 


Fundamentals of Physical Sci- 
(1st ed.) 1941. $3.50. Me- 


An Introduction to Physical 
(Ist ed.) 1941. $3.75. 


General Physics for Students 
(1st ed.) 1940. $3.75. 


¢ 
OT 


tion of Physics. 537 pp. 


$5.00. Wiley. TU. 
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Atomic 
$4.50. 


Structure. 446 pp. (lst 
Wiley. TU. 

Physics Tells Why. 380 pp. 
$3.50. Cattell. P. 


LoeEs, L. B. 
ed.) 1938. 

LUHR, OVERTON. 
4th printing) 1943. 

MacCo..u. 
ed.) 1945. 


Transducers and 


Servo Mechanism. 130 pp. (lst 
$2.25. Van Nostrand. R. 


MASON. Wave Filters. 33: 


pp. (1st ed.) 1942. $5.00. Van Nostrand. 
R. 


Theory of Gaseous 
(1st 


MAXFIELD and BENEDICT. 
Conduction and Electronics. 483 pp. 
ed.) 1941. $4.50. MeGraw-Hill. TU. 

MAYER, J. E., and MAyer, M. G. Statistical 
Mechanics. 495 pp. (1st ed.) 1940. $5.50. 
Wiley. TU. 

McN1rFrF, WILLIAM T. 

(3rd ed.) 


University Press. 


College Physics. 
1942. $4.00. 

TU. 

Eve, A. 8., Krys, D. A., 
and Sutton, R. M. College Physics. 700 pp. 
(Ist ed.) 1944. $4.00. Heath. TU. 

Mort and MAssEey. The Theory of Atomic Col- 
lisions. 300 pp. (1st ed.) 1933. $6.50. 
Oxford. S. 

MULLER, RALPH H. Experimental Electronics. 

1942. $3.50. Prentice-Hall. 


(4th ed.) 


ix plus 
666 pp. Fordham 


MENDENBALL, C. E., 


330 pp. 
NEBLETTE. Photography. 876 pp. 
1942. $7.50. Van Nostrand. R. 
PERKINS, HENRY A. College Physics, Revised. 

1943. $4.50. Prentice-Hall, 

PERKINS, HENRY A. College Physics, Abridged 
Revised. 593 pp. 1943. $4.00. 
Hall. 

PITTSBURGH ATOMIC PuHysics. Outline of 
Atomic Physics. 414 pp. (2nd ed.) 1937. 
$3.75. Wiley. TU. 

POLLARD, E., and Davipson, W. L. 
Nuclear Physics. 249 pp. (1st ed.) 
Wiley. TU. 

ReicH. Theory and Application of 
Tubes. (Ist ed.) 1944. $5.00. 
Hill. TU. 

RICHTMYER and KENNARD. 
Modern Physics. 718 pp. 
$5.00. MeGraw-Hill. TU. 
R0JANSKY, VLADIMIR. Introductory Quantum 
Mechanics. 544 pp. 1938. Pren- 
tice-Hall. 

RUTHERFORD, CHADWICK, and ELLIS. 
tions from Radioactive Substances. 

Maemillan. R. 

RALPH. Experimental Spectroscopy. 
1944. $3.00. Prentice-Hall. 
Electro-Waves. 530 pp. (1st 

$7.50. Van Nostrand. R. 


802 pp. 


Prentice 


Applied 


$3.00. 


Electron 
McGraw 


Introduction to 


(3rd ed.) 1942. 


$5.00. 


Radia- 
588 pp. 
$6.50. 
SAWYER, 
336 pp. 
SCHELKUNOFF., 


ed.) 1943. 
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The Physies of Metals. 330 pp. (lst 
1943. $4.00. MeGraw-Hill. 
HENRY. Fundamentals of Physics. 
1945. $4.00. Rinehart. TU. 
SemMAT, HENRY. Introduction to Atomic Phys- 
ics. Rev. ed. to be pub. in March, 1946. 
Prob. 384 pp. Prob. $4.00. Rinehart. TU. 
Transmission Networks. 487 pp. (1st 
$6.50. Van Nostrand. R. 
Photomicrography. 773 pp. 
$10.00. Wiley. TU. 
SmytTH, Henry D. Atomic Energy for Mili- 
tary Purposes. 318 pp. (6th print.) 1945. 
$2.00, clothbound. $1.25, paperbound. Prince- 
ton. P. 


STRANATHAN, J. D 


SEITZ. 
ed. ) 
SEMAT, 

593 pp. 


SHEA. 
ed.) 1929. 
SHILLABER, C. P. 
(Ist ed.) 1944. 


The ‘‘Particles’’ of Mod- 
ern Physics. 571 pp. (1st ed.) 1942, re- 
printed 1944. $4.00. Blakiston. TU. 
Electromagnetic Theory. 615 pp. 
$6.00. MeGraw-Hill. TU. 
Procedures in Experimental 
1938. $5.00. Prentice- 


STRATTON. 
(1st ed.) 1941. 

JOHN. 

642 pp. 


STRONG, 
Physics. 
Hall. 

STUHLMAN, 
375 pp. 


Biophysics. 
Wiley. TU. 
(1st ed.) 


O. Introduction to 
(1st ed.) 1943. $4.00. 


o”7 


Swann, W. F. G. Physics. 274 pp. 


1941, $2.25. Wiley. TU. 

WHITE, MANNING, WEBER, and CORNETT. 
tical Physics. 240 pp. (1st ed.) 
$3.50. McGraw-Hill. TU. 

Woop. The Cavendish Laboratory. 60 pp. 
$.75. Maemillan. P. 

WorTHING, A. G., and GEFFNER, J. 
of Experimental Data. 342 pp. 
1943. $4.50. Wiley. TU. 

ZACHARIASEN, W. H. Theory of X-Ray Diffrac- 
tion in Crystals. 255 pp. (1st ed.) 1945. 
$4.00. Wiley. TU. 

ZEMANSKY, Heat and Thermodynamics. 390 
pp. (new 2nd ed.) 1943. $4.00. McGraw 
maak, TU. 

ZWORYKIN, V. K., Morton, G. A., RAMBERG, 
E. G., HILLIER, and VANCE. Electron Optics 
and the Electron Microscope. 759 pp. (lst 
ed.) 1945. $10.00. Wiley. TU. 


Prac- 
1943. 


Treatment 
(1st ed.) 


Political Science 
The Basis of Soviet Strength. 286 
$3.00. McGraw-Hill. P. 


American National 
(1st ed.) 1945. $3.00. 


CRESSEY. 
pp. (1st ed.) 1945. 

CLAupDIus O. 

594 pp. 


JOHNSON, 
Government. 
Crowell. TU. 

JOHNSON, CLAUDIUS O. 
United States. 852 pp. 
$3.75. Crowell. TU. 


Government in the 
(38rd ed.) 1944. 
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KALIJARVI, THORSTEN V., and associates. Mod 
ern World Politics. 852 pp. (2nd ed.) 1945. 
Crowell. TU. 

MACDONALD, AUSTIN F. 
ernment and Administration. 
ed.) 1945. $3.75. Crowell. 

DoNALD B. Tazes 

(1st printing) 1945. 


American State Gov. 
655 pp. (3rd 
Th. 

Without Tears. 

$2.50. Cat 


MARSH, 
220 pp. 
tell. P. 

SHEWHART. 
ed.) 1931. 


Economic Control. 515 pp. (lst 
$6.50. Van Nostrand. R. 


Psychology 


Crime and the Human Mind. 
1944. $3.00. Columbia. 


ABRAHAMSEN, D. 
244 pp. (lst ed.) 
S. 

ANDERSON, C. M. Emotional Hygiene. 
(8rd ed.) 1943. $2.00. Lippincott. R. 
AyD, JosePH J. Introductory Manual in Psy- 
chology: A Textbook for Students of Nurs 
ing, Psychiatry, Medicine, and Social Science. 
x plus 162 pp. (1st ed.) 1941. $1.75. Ford 

ham University Press. TU. 

Practical Psychology. 

McGraw-Hill. TU. 

Psychology. 584 py 


253 pp. 


BERNHARDT. (1st ed. 
1945. $2.50. 

BERRIEN. Practical 
$4.00. Maemillan. TU. 

BorinG, Epwin G. Sensation and Perception 
in the History of Experimental Psychology 
644 pp. (1st ed.) 1942. $5.00. Appleton 
Century. R. 

30RING, E. G., LANGFELD, H. S., and WELD, 
H. P. Introduction to Psychology. 652 pp. 
(1st ed.) 1939. $3.00. Wiley. TU. 

3RECKENRIDGE, MARIAN E., and VINCENT, FE. 
Lee. Child Development. 592 pp. 1943 
$3.25. Saunders. 

BRENNAN. History of Psychology. 277 pp 
$3.00. Maemillan. TU. 

Britt, S. H. Social Psychology of Modern 
Life. 562 pp. 1941. $4.00. Rinehart. TU. 

Burrt, HAroLp E. Principles of Employment 
Psychology. 568 pp. (Rev. ed.) 1942. $4.00. 
Harper. TU. 

CAMPBELL, J. B. Everyday Psychiatry. 333 
pp. (1st ed.) 1945. $6.00. Lippincott. R. 

CoLE, LouELLA. Psychology of dolescence. 
660 pp. Rev. 1942. $3.50. Rinehart. TU. 

CRAIG, GERALD S. Science in Childhood Edu- 
cation. 86 pp. (Ist ed.) 1944. $.60. Co 
lumbia University. S. 

Psychology for Nurses 

$3.00. Appletor 


CUNNINGHAM, BEss V. 
364 pp. (1st ed.) 1946. 
Century. TU. 

DOCKERAY, FiLoyp ©. Psychology. 
1942. $3.00. Prentice-Hall. 


504 pp. 
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(loose-leaf), (1st ed.) 1942. $3.25. Crowell. Industry. Vol. II. 290 pp. 1945. $4.75. 
TU. Syracuse University Press. TU & TH. 

HARTKEMEIER, HARRY PELLE. An Introduction INTERNATIONAL BUSINESS MACHINES Corp. 
to Managerial Business Statistics. 207 pp. Shop Terms. 120 pp. 1945. $1.00. Syra- 
(1st ed.) 1943. $1.75. Crowell. TU. cuse University Press. R. 

INTERNATIONAL BUSINESS MACHINES’ CORP. LAIDLER, Harry W.  Social-Economic Move. 
Blueprint Reading. 98 pp. 1946. $3.75. ments. 848 pp. 1944. $3.75. Crowell. TI 
Syracuse University Press. TU & TH. & R. 

INTERNATIONAL BUSINESS MACHINES CORP. Morrat, JAMES E., CHRISTENSON, C. LAW 
Precision Measurement in the Metal Working RENCE, Epiz, LIoNEL D., MILLs, Mark (, 
Industry. Vol. I. 264 pp. 1942. $2.75. CLEVELAND, WILLIAM C., BRADEN, SAMUEL 
Syracuse University Press. TU & TH. E., and MATCHETT, GERALD J. Economics: 

INTERNATIONAL BUSINESS MACHINES’ CORP. Principles and Problems. 1022 pp. (8rd ed. 
Precision Measurement in the Metal Working 1942. $4.00. Crowell. TU. 


Several weeks have elapsed since the 
original lists for The Science Library 
were compiled for printing. During 
that time we have had more definite word 
from our overseas correspondents about 
shipments of books to St. Louis. The 


following agencies and organizations 
have informed us that books from their 
respective countries are now on the way: 


American-Soviet Science Society 

Canadian Information Service 

The Norwegian Embassy 

The Royal Danish Legation 

The Belgian Government Information 
Center 

Committee for Rehabilitation of Polish 
Science and Culture, Ine. 

The Netherlands Information Bureau 

British Information Services 

Union of South Africa Government 
Information Office 

The Australian Legation 

Swedish Universities and Technical 
Societies 


Every effort will be made to have these 
books listed in the reprints to be distrib- 
uted at St. Louis. 








